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‘HE establishment of a National Institute for 

Research in Nuclear Science (announced in the 
House of Commons on February 14 by the Financial 
Secretary to the Treasury) has been widely welcomed 
as the only practicable solution to the problems 
posed by the immense scale of the resources de- 
manded by any adequate programme in that highly 
competitive and economically vital field. The high 
cost, not only of primary research tools, but also of 
equally essential auxiliary equipment, workshop 
facilities and technical staff, renders the pursuit of 
many branches of high-energy nuclear physics 
beyond the unaided capacities of individual univer- 
sities ; yet the urgency of the demands on Britain’s 
depleted reserves of energy places the field of nuclear 
science in @ unique position of public concern. In 
the circumstances, immediate concentration of the 
nation’s research potential in @ central organization 
appears both rational and inevitable. Considerations 
such as these have already led to the creation of the 
European Organization for Nuclear Research (CERN) 
at Geneva, of the Brookhaven Laboratories in the 
United States and of the Institute for Nuclear 
Research near Moscow; the reasons that appeared 
conclusive in those instances apply a fortiori in Great 
Britain. 

But the logic of necessity must not be permitted 
to distract attention from certain dangers inherent 
in the element of monopoly introduced by the scheme. 
The new Institute is to be financed through the 
Atomic Energy Authority from the Lord President’s 
Atomic Energy Vote, with appropriate provision in 
the Estimates. In order to take advantage of the 
existing facilities at Harwell, it has been decided to 
construct the Institute’s first particle accelerator 
on a site there, without, apparently, excluding the 
possibility of building other centres elsewhere in the 
future. The Financial Secretary stated that the 
Institute’s work is not intended to replace research 
now proceeding in individual universities with assist- 
ance from Government funds, but it can scarcely be 
doubted that high-energy nuclear research will, in 
the near future at least, be largely, if not wholly, 
confined to the Institute and to establishments of 
the Atomic Energy Authority. The time cannot be 
foreseen when the funds and equipment for nuclear 
research available at the universities will enable them 
to compete with the Authority for men of the calibre 
necessary to teach and inspire a steady stream of 
recruits to the field. 

The main object of the Institute is to provide 
facilities and equipment for nuclear research for 
use by universities and other organizations which 
are otherwise never likely to be within their reach. 
It is not yet clear, however, what jurisdiction 
individual organizations using these facilities will 
have over the research programme to be followed. 
Universities remote from the Institute will be at a 
relative disadvantage unless, despite the consequent 
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duplication of ancillary services and staff, circum- 
stances permit the establishment of several ‘such 
centres in Britain, in which case the major premise 
of the argument for creating the Institute in the 
first place is weakened. There is a grave risk that 
the very establishment of the new Institute will tend 
to bring about, in nuclear science, an abdication of 
the universities from their traditional function of 
associating teaching with research, and potentially 
places a most important sector on the frontier of 
knowledge outside their immediate guardianship. 
In the National Institute for Research in Nuclear 
Science are the seeds of a subtle but fundamental 
revolution in the traditional structure of higher 
scientific and technological education in Britain. 
These dangers are neither entirely new nor unique. 
The mounting cost of research in other fields of 
technological importance imposes similar limitations 
on their treatment in universities. It may be argued, 
for example, that the teaching of aeronautical 
engineering suffers from an inability to keep pace 
with the expense of research in supersonic aero- 
dynamics and rocket propulsion. Moreover, it is 
evident that with the passaze of time these tendencies 
will operate more widely and be aggravated in 
severity. It is possible that whatever solution to 
these problems is offered by developments in the 
sphere of nuclear physics will become the pattern for 
analogous developments elsewhere. It is all the more 
important, therefore, that the answer in this present 
instance should be arrived at, not as an incidental 
consequence of ad hoc administrative measures to 
meet @ particular challenge, however grave, but 
should be reached in a full awareness of all such 
long-term implications beyond the immediate objec- 
tive as careful scrutiny and wise foresight may reveal. 
These issues were, no doubt, considered by those 
responsible for the decision to set up the Institute, 
but as the implications are, in fact, far-reaching, it 
is the more regrettable that public discussion of the 
principles involved in the new foundation should have 
been delayed to so late a stage in its development. 
The broad basis of the membership of the governing 
board of the new Institute, announced in the House 
of Commons by the Chancellor of the Exchequer on 
March 12, offers a large measure of assurance that 
none of the interests vitally involved will lack an 
effective voice in its management. But the impact 
that the Institute makes on nuclear research in the 
universities will depend ultimately not only-on the 
detailed policy implemented by the board, but also 
on the organizational structure erected to administer 
it. Broadly speaking, the possible structures appear 
to lie between two poles. On one hand, it may be 
argued that, in order to make the most of the Insti- 
tute’s facilities—and it is certainly of the utmost 
importance that they should be employed to the very 
best advantage—it must be equipped with vigorous 
leadership and a planning committee with the duty 








836 


of advising on overall research policy, charged with 
providing a coherent central direction to the work of 
the foundation. The universities, which are strongly 
represented on the board, would of course have a 
share in selecting that direction, but they would 
then have to operate the facilities within the frame- 
work laid down. On the other hand, it may be 
argued that the autonomy of university departments 
in choosing their own lines of research can best be 
preserved, and the retention of sufficient degrees of 
freedom to allow a salutary diversity of approach 
can best be assured, by opening the facilities of the 
Institute to the universities under the supervision of 
@ steering committee with the primary function of 
allocating time and priorities. It is not simply a 
matter of whether the universities are to provide the 
men to operate the Institute, or the Institute is to 
provide the equipment for the universities to use, 
for these are not mutually exclusive alternatives : 
they are in fact perfectly compatible and indeed both 
are essential. It is rather a question of whether the 
Institute is to be employer or employed: or if, in 
the end, the Institute and the universities are to 
enter into partnership, upon what terms. These 
are raatters of the gravest consequence, not to be 
decided without the fullest discussion. 


THE WORLD’S WOODLANDS 


A World Geography of Forest Resources 

Edited by Stephen Haden-Guest, John K. Wright 
and Eileen M. Teclaff. (American Geographical 
Pp. xvili+ 
The Ronald Press 


Society, Special Publication No. 33.) 


736+54 plates. (New York: 
Company, 1956.) 12.50 dollars. 

HERE . appeared in 1923 the two volumes of 

“Forest Resources of the World”, by Raphael 
Zon and W. N. Sparhawk. For more than thirty 
years that work has remained the standard reference 
in its field and it is a matter of interest that con- 
tinuity is to be seen in what must inevitably become 
the new standard reference in that the name of 
Raphael Zon appears among the authors. Following 
the trend of the present time, the new book, though 
forming a single bulky volume of 736 pages, is 
& symposium of thirty-one separate contributions. 
Despite much care in editing, there is a wide range 
in the material and adequacy of the separate con 
tributions which seems inevitable with such a large 
team. 

‘he first part of the work consists of five con- 
tributions on the general field. Paul Sears deals with 
the importance of forests to man: we always have 
been and still are great users of wood and other 
forest products. In a suggestive review of forests, 
past and present, W. H. Camp passes rapidly from 
the Devonian to the present, but particular interest is 
attached to his schematic arrangements of vegetation 
types in an ‘ideal’ continent. His world map claims 
six major forest regions—coniferous ; mixed broad- 
leaf-coniferous ; tropical rain-forests ; light tropical 
forests ; montane forests; and thorn forest-scrub. 
He accepts the view that much savannah and tropical 
grassland results from the ‘disturbance’ of light 
tropical forest through fire and grazing. In a well- 
balanced, objective chapter, 8. T. Dana reviews what 
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is known of the influence of forests, particularly o1 
climate, and accepts the modest conclusions of 
Kitteridge that afforestation may increase local rain- 
fall not more than 3 per cent. J. W. B. Sisam deals 
with the principles and practices of forestry, G. M. 
Hunt with forest industries. 

The second and larger part treats the forests. of 
the world country by country or region by region. 
Authors have been allowed considerable latitude in 
treatment, with the result that some are full and 
well documented. About half the articles are by 
experts from the countries concerned—including 
Canada, northern Europe, South Africa (R. %. 
Adamson), Pakistan (S. A. Valijd),: India (M. D. 
Chaturvedi), Australia and New Zealand. On the 
other hand, other areas are treated from outside~ - 
Raphael Zon deals, for example, with the U.S.S.R. 
As might be expected, the contributions on Canada 
and the United States are concise but well balanced. 
Very wisely, many chapters embrace a number of 
countries, which enables a comparative treatment—— 
for example, G. Giordano’s “‘Mediterranean Region” 
and A. M. A. Aubréville’s “Tropical Africa”. Some 
contributions are adequate but slighter. Thus, it is 
disappointing to find the whole of south-east Asia 
treated in one short chapter by R. Sewandano, of 
the Netherlands, formerly of Batavia. The brief 
section on Burma scarcely does justice to the lony 
complex history of forest management extending 
over more than a century in that country, the major 
source of the world’s teak and in many respects a 
model of national management of timber resources. 
Only thirty pages are devoted to the whole of South 
America—by an author from the United States, 
W. R. Barbour. One of the most disappointing sec- 
tions is that on British forests by R. St. Barbe Baker. 
The well-known founder of the Men of the Trees has 
the artist's love of a beautiful mature tree and does 
not fail to mention outstanding specimens of both 
native and exotic species, and he gives extended 
details of some of the old royal forests—especially 
the New Forest with its Court of Verderers. But he 
fails to give an adequate picture of forests or forestry 
in Britain, and his general statements regarding 
original vegetation cover and the relation between 
forests and climate are both naive and questionable. 
One could only wish that his introductory sentence, 
“the British are traditionally a forest people and 
from time immemorial have venerated their trees’, 
were true. In contrast to the careful bibliography 
given by David Lowenthal on western Europe, Baker 
gives none. 

An excellent pictorial atlas of more than a hundred 
well-reproduced photographs is bound into the latter 
part of the book, where forty pages are devoted to 
the objective study of the outlook for the future by 
a@ Swedish-born Californian, Prof. Erhard Rostlund. 
He sees the ultimate goal as conservation to yield 
sufficient wood for all needs of mankind at an 
economic price coupled with the use of forests in 
soil protection and wild-life protection. At present 
there is evidence of increasing pressure on the forests 
of the world—particularly through agriculture and 
over-exploitation. 

Special praise is due to the editors in achieving 
what must have been a very difficult task. There is 
a general bibliography carefully annotated, a page of 
conversion tables, a botanical index of both Latin 
and local names occupying twenty-two pages, as 


well as a good general index. 
L. DupLey STAMP 
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OF MYTHS AND MEN 


Symbols of Transformation 

An Analysis of the Prelude to a Case of Schizo- 
phrenia. By C. G. Jung. (Collected Works of C. G. 
Jung, Vol. 5.) Pp. xxix +567+64 plates. (London : 
Routledge and Kegan Paul, Ltd., 1956.) 35s. net. 


’T “HIS book shows the vast erudition and industry 
which characterize all Jung’s work. It is the 
description of what he feels to be the significance of 
some fantasies of an American woman, Miss Frank 
Miller. Using these as a framework, he describes 
various symbolizations and transformations of the 
libido. These include those of the hero, symbols of 
the mother and rebirth, the battle for deliverance 
from the mother, the dual mother and sacrifice. 

In spite of Jung’s industry and knowledge, his 
work creates dissatisfaction in the mind of anyone 
who has been educated scientifically. His symbols 
slide one into the other with such ease that one feels 
that anything can mean anything. 

Freud discovered the meaning of dreams by taking 
a patient’s dream and dissecting it into fragments. 
He then persuaded the dreamer to develop a state of 
free-association on each fragment and so discovered 
its real significance. By assembling the meaning of 
the parts he was able to come to that of the whole. 
The resemblance of dreams to myths revealed that 
they had deeper meanings also. The myth was a 
sort of fantasy which appealed to all men and was 
handed down from one to another. There is a satis- 
fying logical progression from step to step, from the 
known to the unknown, in this method. However, 
Jung reverses it. He takes a dream and applies 
myths to it, thus claiming to discover its purport. 
But it is not easy to see what he reveals and what is 
the value of the revelation. Not all myths mean the 
same thing even when they are similar, nor does 
everyone accept the same connotation for any given 
dream. 

To test Jung’s method, let us suppose that a girl 
has @ dream of virgin conception or virgin birth. 
What does it mean ? Sir James Frazer, folk-lorist and 
social anthropologist, says in ‘““The Golden Bough”’ 
that this stems from the time when man did not 
realize the connexion between sexual intercourse and 
pregnancy. The Freudian school believes that this 
connexion was unacceptable until man had over- 
come certain resistances which were caused by 
reluctance to realize the sexuality of the parents. So 
by Jung’s method we might conclude that this girl- 
dreamer was unwilling to accept the fact that babies 
are born through sexual intercourse. But what does 
Jung, himself, say on this subject? On p. 323 
of the book under review he states: ‘“The idea of 
supernatural conception can, of course, be taken as a 
metaphysical fact, but psychologically it tells us that 
& content of the unconscious (‘child’) has come into 
existence without the natural help of a human father 
(i.e. consciousness). It tells us, on the contrary, that 
some god has begotten the son and further that the 
son is identical with the father, which in psycho- 
logical language means that a central archetype, the 
God-image, has renewed itself (‘been reborn’) and 
become ‘incarnate’ in a way perceptible to conscious- 
ness. The ‘mother’ corresponds to the ‘virgin anima’, 
who is not turned towards the outer world and is 
therefore not corrupted by it. She is turned rather 
towards the ‘inner sun’, the archetype of transcendent 
wholeness—the self’’. 
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It is not surprising after a passage like this 
that Glover, in his book ‘Freud or Jung’, com- 
plains that Jung’s writing is unclear and difficult to 
comprehend. Moreover, what light does this throw 
on the dream of virgin birth? It. is indeed difficult 
to say. 

However, it would be unfair to throw this book 
aside as worthless because some of the writing is 
obscure. For those who are adherents of Jung or 
wish to understand his philosophy it will be well 
worth reading. It is provided with excellent illus- 
trations, and the production is good. 

CLIFFORD ALLEN 


THE GREEKS HAD A WORD 
FOR IT 


Language as Choice and Chance 
By Dr. G. Herdan. Pp. xv +356. 
Noordhoff, N.V., 1956.) 8 dollars. 

URING the past decade, the reviewer has been 

concerned with attempts to realize practically 
the mechanical translation of one language into 
another. At every point in the progress of this work 
obstruction and frustration have been caused by the 
lack of any central source of statistical information 
about language, and by the general lack of precision 
attendant upon past linguistic studies. The arrival 
of the present book was thus greeted by feelings of 
pleasurable anticipation which were encouraged by 
the large number of tables revealed by a preliminary 
leafing through of the text. 

According to the dust jacket, and the author’s 
preface, the aims of the book are twofold : to provide 
a systematic exposition of the quantitative structure 
of language, and to supply a text-book of statistical 
method for the linguistic seminary. The book con- 
sists of nineteen chapters distributed between an 
introduction and five main sections, on _ stylo- 
statistics, statistical linguistics, information theory, 
linguistic duality, and statistics for the language 
seminary, respectively. 

It must be said at once that the only section in 
which the book really succeeds is the last, and even 
here it is probable that the level of mathematical 
attainment presupposed will be beyond that pos- 
sessed by the average linguist. Nevertheless, in this 
part of the book, there is a very comprehensive 
summary of the main results of statistics in the 
fields of description, inference, multiple classification 
and correlation. 

The remainder of the work is, frankly, dis- 
appointing. A closer inspection of the mass of 
numerical data shows that it is directed towards the 
justification of certain theories of the author which 
are well enough summarized by the title. The 
numbers thus appear as entities for the exercise of 
statistical formule and little reference is made, either 
in table captions or in the text, to their linguistic 
context and implications. Examples of this, which 
are particularly irritating, occur on p. 194, where 
Table 67 is quite incomprehensible, and on pp. 
255-262, which contain a list of Chinese derivative 
ideograms. The latter is completely spoiled because 
the ideograms are represented by numbers and no 
mention is made of their meanings. Again, no 
account is given of the Estoup—Zipf law although it 
is implicit in Fig. 1 on p. 16. It may be that structural 
linguists, for whom the book is presumably intended, 
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are so much aware of the significance of the material 
that comment is unnecessary, but if this is so the 
reviewer has yet to meet them. In any event, it is 
remarkable that such words as phoneme and mor- 
pheme are used freely from the start of the book and 
are then defined on p. 102. 

The author’s prose style is of a truly Teutonic 
ponderousness, rising to a peak on pp. 293-296, 
which contain a quite irrelevant condemnation of 
Nazism ; but all is made clear in the short ‘Epilogue’ 
which follows, on p. 298, where the author confesses 
that he regards Schopenhauer as “‘one of the greatest 
teachers of mankind’’. 

Four pages (276-279) are devoted to a criticism of 
an early experiment on machine translation, but this 
appears to have been selected to substantiate the 
author’s point of view and is by no means typical or 
topical. 

The book is well produced but contains numerous 
misprints (on pp. 16, 21, 35, 92, 186, 220, 228, 303, 
318 and 335, for example), and it is unfortunate that 
the style in which the references are presented allows 
only the city of publication of books to be given, 
and not the publisher’s name, a fault which would 
make many of the texts quoted difficult to obtain. 

Despite its defects, the book will no doubt become 
an ‘authority’ ; and it is to be hoped that the author 
will take the opportunity, in the next edition, to 
make more of the linguistic aspects of the great 
quantity of information he has accumulated. 

A. D. Bootu 


GAS AND DUST IN INTERSTELLAR 
SPACE 


Galactic Nebulez and Interstellar Matter 
By Jean Dufay. (Translated by A. J. Pomerans.) 
Pp. 352 + 24 plates. (London : Hutchinson’s Scientific 
and Technical Publications, 1957.) 60s. net. 
ASEOUS nebule, through their line spectra in 
emission and absorption, have been familiar 
objects since the early days of astronomical spectro- 
scopy. On the other hand, the general distribution 
of ‘dust’ or ‘smoke’ in the galactic plane—as distinct 
from the discrete dark clouds studied by Barnard 
fifty years ago—was first definitely established by 
Trumpler’s work on the interstellar reddening of 
open clusters in 1930. Since then, interstellar material 
(dust and gas) has become a central theme of modern 
astrophysics. Its mass in the solar neighbourhood 
appears to be at least comparable with that of stars ; 
the distributions of visible emission from ionized 
hydrogen and of 2l-cm. wave-length emission from 
neutral hydrogen have been used to trace the spiral 
arms of the Milky Way ; and the association of inter- 
stellar clouds with groups of intrinsically luminous stars 
suggests their fundamental cosmogonic significance. 
In observational astronomy, solid particles influence 
the magnitudes and colours of the more distant stars 
to an extent which is certainly large—especially in 
the galactic plane—though it is not yet determined 
with a high degree of certainty. 

Prof. Dufay’s book is the most up-to-date and 
complete account of the very diverse methods of 
investigation, theoretical and observational, that have 
led to our present conception of interstellar material. 
The first third of the book is devoted to atoms and 
molecules in space; the excitation of emission 
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nebulz and the interpretation of interstellar absorp- 
tion lines of sodium and ionized calcium, and of 
galactic radio emission, are discussed concisely, but 
with remarkable clarity and completeness. The 
remainder of the work is devoted to continuous 
interstellar absorption (or rather, scattering) and the 
study of solid grains in the Galaxy and in extra- 
galactic systems. Part 2 consists of chapters devoted 
to dark obscuring clouds, general absorption near the 
galactic plane, ‘reflexion’ or ‘scattering’ nebule, and 
the nature of the scattering particles. Two salient 
conclusions are that the absorbing medium is by no 
means uniformly distributed and that it is impossible 
at present to distinguish between metallic and 
dielectric particles on thé basis of its observed 
optical properties. 

Part 3 contains a discussion of present ideas on the 
equilibrium between gas and dust and briefly sum 
marizes the theory of the formation of super-giant 
stars by condensation from clouds. The phenomena 
of interstellar polarization are described and, in con- 
clusion, estimates are given of the densities of stars 
and of interstellar matter in the solar neighbourhood. 
Part 4 discusses interstellar matter outside our Galaxy. 
Gaseous and absorbing clouds in external spirals 
appear to correspond closely in their properties to 
those in our own, while most of intergalactic space 
seems to be ‘empty’ (the absence of detectable absorp- 
tion sets an upper limit to the ‘dust’ density at 10-* of 
that in the galactic plane, but substantial quantities 
of gas would be undetectable by present techniques). 

The book is addressed to a wider circle than that 
of professional astronomers alone, and the astro- 
nomical terms used are carefully explained in an 
introduction. Mathematical discussions are pruned 
to the minimum required for logical coherence, and 
the original text, illustrated with fine photographs 
taken at the Lyons and Haute Provence Observa- 
tories, is a pleasure to read. Nearly five hundred 
references to other literature are given. 

It is a pity that this excellent book has not received 
an adequate translation. For one thing, the reader 
is compelled to puzzle out for himself the meaning 
of such unfamiliar phrases as “a telescope of 5-m. 
aperture’, ‘“‘very disperse spectra”, ‘“‘weak mass’, 
“shifts in parallax’’, ‘“‘area chosen by Kapteyn’”’, and 
“Schmidt chamber . . . with a wide open objective’. 
Worse still are the distortions of the original sense 
which occur on practically every page and are often 
serious (for example, “diffuse nebule” for nébuleuses 
diffusantes, and sometimes “‘magnitude”’ for largeur), 
to say nothing of numerous misprints. Several times 
the meaning is completely destroyed or even reversed 
(for example, by omission of a negative). Perhaps 
the most bewildering passage of all, relating to infra- 
red photographs of the centre of the Galaxy (which 
Prof. Dufay and his collaborators actually obtained, 
not merely tried to obtain, as the translation has it), 
reads ‘Thousands of invisible blue stars have been 
counted on the infra-red negatives. Some of them 
appear very bright: they are probably red giants, 
further reddened by absorption’ (p. 181). 

The English version contains several paragraphs 
and new references added to bring the text up to 
date (epoch 1955) and is further improved by the 
addition of alphabetical name- and subject-indexes ; 
nevertheless, the original (““Nébuleuses Galactiques 
et Matiére Interstellaire’”. Par Jean Dufay. Pp. 492. 
Paris: Albin Michel, 1954. 1650 francs), written in 
an attractive and simple French, is to be preferred for 
all but the most cursory study. BrrNaRp PAGEL 
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THE UNIVERSITY OF LEICESTER 
By Pror. L. HUNTER and Pror. J. SIMMONS 


’ THE petition of the University College of Leicester 

for a royal charter as an independent university 
was granted on March 15. The College was founded 
in 1918; on Armistice Day Dr. Astley V. Clarke 
opened an endowment fund to set up a university 
college as a memorial to the men of Leicester, 
Leicestershire and Rutland who had served in the 
First World War. A building on a convenient site, 
which had been in use as a military hospital, was 
bought and presented to the College by Mr. T. 
Fielding Johnson. The College opened in October 
1921. 

It began in a very small way, with eleven students, 
reading for the external degrees of the University of 
London. At first the curriculum leant heavily to the 
arts side. Mathematics was established in 1922, and 
botany was the first experimental science. It was 
not until 1925 that funds allowed the founding of 
Departments of Chemistry and Physics. Although 
their development was slow, hampered by continuing 
financial stringency, their establishment allowed full 
science courses to be offered, and laid the foundation 
of a Faculty of Science. 

By 1926 the number of full-time students had 
climbed to ninety-six, and it continued at about that 
figure until the Second World War. The College 
had been founded through local patriotism, and it 
relied entirely on its own neighbourhood for support. 
It enjoyed no direct Treasury grant. But the Cor- 
poration of Leicester assisted it steadily, with a 
grant rising from £1,150 in 1922 to £10,000 to-day. 
Private benefactors helped it with unfailing gener- 
osity. Their support was not limited to the years in 
which the College was founded : it continued through 
the slump of 1929 and during the 1930's when the 
outlook was most discouraging. 

Though the College knew that it was doing good 
work in a modest way, it could see very little chance 
of development in those years. At every point 
it was cramped by the lack of funds. The out- 
break of war in 1939 seemed to 
block its progress even more com- 
pletely. But as the War drew 
to a close its position began to 
change. It became the declared 
policy of the Government to assist 
the growth of the smaller univer- 
sity institutions; and as one sign 
of that policy the University Col- 
leges of Hull and Leicester were 
given Treasury grants, for the first 
time, in 1945. 

At once a great new opportunity 
opened. The next six years were 
the most feverish the College had 
known. Nothing similar is likely 
to occur again. In those six. 
years the number of students multi- 
plied exactly seven times, from 109 
to 763. 

The original building, which 
hitherto the College had never 
filled, now became quite inadequate. 


Extensions and temporary accommodation-did some- 
thing to help, but in the long run only a programme 
of new permanent building could meet the College’s 
needs. Moreover, although the building had been 
suitable for adaptation to laboratories while the 
science departments remained small, any consider- 
able growth was hampered by the plan of the 
building, which rendered departmental centralization 
difficult and led to laboratories becoming corridors 
for communication. It was inevitable, therefore, 
that one by one the experimental sciences should find 
new accommodation outside the original building. 
One such building, for the use of the biological 
sciences, was completed in 1951. Another, for the 
Chemistry Department, is to be started this year. In 
between them a third building is now nearing com- 
pletion, which is to contain refectories, a debating 
hall, common rooms, and offices for the Students’ 
Union. 

In spite of the limitations in regard to laboratories, 
the University is fortunate in its original building— 
a plain and handsome Georgian structure, dating 
from 1837—and in its situation. It lies on the south 
side of Leicester, only a mile from the centre of the 
city and yet away from the main traffic. With the 
co-operation of the City Council, the original site has 
been much extended, so as to give room for develop- 
ment while enabling the University to preserve 
lawns, herbaceous borders and trees. Prizing its 
situation highly, and wishing to exploit it to the full, 
it recently appointed Prof. J. Leslie Martin as con- 
sultant and planning architect. 

The size of the main site, though adequate for all 
likely academic development for a good many years 
to come, was not sufficient to allow the building of 
residential accommodation as well. For this purpose 
the College acquired other sites: a group at Oadby, 
2$ miles away, where 264 men students are at present 
housed, and an estate at Knighton, a mile from the 
main College buildings, on which a new hall for 


Fig. 1. Entrance to the main building 
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women is to be started in 1958. During the present 
session the College was able to house 58 per cent of 
its students in halls of residence. 

With the expansion of teaching staffs over the past 

ten years, research and publication have taken on a 
new vigour, although many of the larger departments 
hold a much longer record of achievement in this 
respect. On the science side, studies in botany have 
included seedling anatomy, spore discharge and dis- 
persal, aquatic fungi, and experimental taxonomy ; 
in chemistry, studies in electrolytic oxidation, 
hydrogen-bond chemistry, the kinetics of hydro- 
genation, and organosilicon chemistry ; in physics, 
Raman and X-ray spectroscopy, ionic mobilities, 
electron nuclear reactions, electronics and super- 
sonics, solid state physics; in 
mathematics, researches on re- 
cursive number theory and recur- 
sive analysis, mathematical logic, 
theory of measure, algebraic geo- 
metry and classical mechanics. 
Similar activity on the arts side, 
especially in English local history 
and in the history of transport, 
has been largely responsible for 
the establishment in 1952 of a 
Publications Board, which already 
has an impressive list of pub- 
lications to its credit, and has 
laid the foundations of a new 
University Press. 

Although the University has not 
yet extended its activity into the 
field of the applied sciences, it took 
the decision last year to establish a 
Department of Engineering as soon 
as the necessary accommodation 
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The development plan for new site in University Road, prepared by Prof. J. Leslie Martin 


can be provided. It is hoped that this work may 
begin by 1960. 

The developments that have been outlined here, 
together with the general expansion that is anticipated 
in all universities in the coming years, will greatly 
enlarge the University of Leicester. At present it 
has 830 students. The number is now likely to rise 
again steadily, to almost double that figure—about 
1,500. The present site is large enough to accom- 
modate a university of this size without congestion. 
That emerges very clearly from the development plan 
recently prepared by Prof. Martin. It is a flexible 
scheme, which can be adapted to the needs of the 
University as they change in the course of the next 
twenty years. While it provides for a great deal of 


Fig. 3. Beaumont Hall of residence for men students 









LCS —UC rr 


Ee 


















No. 4565 April 27, 1957 


additional building—most of which will probably be 
required for the Faculty of Science—it does so in a 
way that preserves the present landscape. The site 
is already terraced, and it commands a spacious view 
to the north-west, over the whole city of Leicester 
and away to Charnwood Forest. On Prof. Martin's 
plan the height and disposition of the units are so 
managed that this open view will be, so far as possible, 
retained ; and the buildings themselves, though dis- 
posed with careful economy, will enjoy adequate 
‘breathing-space’. 

The development of the University of Leicester 
has been much affected by the nature of the site, 
with all its opportunities and limitations. Its com- 
pactness reflects the University’s character. In the 
period of expansion through which it is passing, it 
hopes to be able to make a useful contribution to the 
needs of Great Britain without losing altogether the 
intimacy, the close-knit corporate feeling, that has 
always characterized it in the past. 

This can be expressed, in personal terms, in another 
way. Last year the College was honoured by Lord 
Adrian’s acceptance of the office of president; he 
now becomes the first chancellor of the University. 
One of his pro-chancellors is Mr. H. Percy Gee, who 


Constituents of Cell Walls 


ANY types of bacteria are differentiated from 
other micro-organisms by their rigid cell walls, 
which are of sufficient mechanical strength to hold 
the cell in a constant form and to withstand osmotic 
pressures up to 20 atmospheres. These walls often 
constitute 25 per cent or move oi the cell weight, and 
they are tough and insoluble in all known solvents. 
Until recently, the chemical nature of the cell walls 
was unknown, although speculative guesses as to 
their chitinous or mucoid nature were made. Tech- 
nical developments in the past few years have resulted 
in the identification of many constituents of bacterial 
cell walls, and have shown the existence of a new 
type of molecule differing from chitin and other 
known structural materials. A method of preparation 
of relatively homogeneous walls from mechanically 
disrupted cells was developed by Salton’. Total 
separation of walls was ensured by use of the electron 
microscope, the electron-dense cytoplasmic material 
being removed by washing and differential centri- 
fugation, leaving the cell walls visible as collapsed, 
balloon-like structures. Such wall preparations con- 
tained lipids, phosphorus, hexosamines, amino-acids 
and usually carbohydrates, but had no nucleic acids, 
purines or pyrimidines. 

The sugars, amino-sugars and amino-acids in acid 
hydrolysates were characterized by paper chromato- 
graphy’#?, Glucose, mannose and galactose were 
found frequently, rhamnose and arabinose more 
rarely. Glucosamine was always present, while 
galactosamine occurred in certain species. A hitherto 
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was among the founders of the College nearly forty 
years ago. During the whole of its development he 
has worked for it with a tireless and the 
utmost liberality. Since 1945 he has been chairman 
of its Council. Such a long association as this must 
be rare in the history of universities. Mr. Gee still 
personifies the spirit of generous local patriotism that 
lay behind the foundation of the College. The 
University is fortunate indeed to enjoy his services 
still. 

The granting of this royal charter represents a 
landmark in the history of the modern English 
universities. For Leicester was the last of the 
university colleges of the older model, the academic 
tutelage of which was undertaken by the University 
of London. Nowhere else in the world is there any- 
thing quite like this English device for assisting the 
steady and sound growth of small universities 
through the protection and assistance of a great one. 
Since the War, Nottingham, Southampton, Hull and 
Exeter have all become universities in their own 
right. Leicester has now followed them, and its 
pleasure in achieving independence is accompanied 
by a lively sense of the debt it owes to the University 
of London. 





unknown hexosamine was also always present; it is 
identical with an acidic hexosamine, first found in a 
product from bacterial spores*, which Strange has 
provisionally characterized as 3-O-«-carboxyethyl 
hexosamine‘ and has named ‘muramic acid’. This 
name will be used in this review. Preliminary results 
on its distribution suggest that muramic acid may 
be a wall-constituent only in bacteria. Of the com- 
mon amino-acids, glutamic acid and alanine were 
universally present in cell walls; others occurred 
in varying numbers. Diaminopimelic acid also 
occurred often ; it is an amino-acid apparently con- 
fined to bacteria, being found in hydrolysates of 
whole cells of nearly all bacteria, with the exception 
of the Gram-positive cocci and related organisms*-*. 
Diaminopimelic acid also occurs in materials of 
animal or vegetable origin which are heavily con- 
taminated with bacteria or their debris, as, for 
example, sheep rumen contents, soil and infective 
tissue lesions. With the exception of the blue-green 
algae (Myxophyceae) which are closely related to 
bacteria, and also of Chlorella elipsoidia, it has not 
yet been found in other micro-organisms or in plants 
or animals. In vegetative bacterial cells, the walls 
probably represent the major, but not necessarily the 
only, site of diaminopimelic acid; small amounts 
also occur in soluble cellular contents. 

The first analyses on cell walls from a few bac- 
terial species showed a marked difference between 
the compositions of walls from Gram-positive and 
Gram-negative bacteria’. Walls of the Gram- 
negative species contained about ten times more 
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IDENTIFIABLE BY PAPER CHROMATOG: 
Data of Cummins and Harris (ref. 8), except wae otherwise stated. Results on organisms not typical of their genus are given in italics. 
ted 


Substances in brackets were not present in every strain examined. +, present in major amounts; 


—, absent ; n.r., not repor 





Amino-sugars 


— 


Amino-acids 





Organisms Glucosamine 
and 


muramic 
acid 


Galactos- 
amine 


Sugars* 

Glutamic ™ 
acid and 
alanine 


DAP®* (meso- 
or LL-isomer) 





4 strains 
1 strain 

1 strain 

4 strains 
2 species 
7 strains 

Group A-G 

6 species 
4 strains 


Staphylococcus aureus 
Micrococcus lysodeikticus 
Sarcina lutea 

Aerococcus viridans 
Micrococcus 
Streptococcus 
Lactobacillus 
Lactobacillus plantarum 


(syn. arabinosus) 
a 
Bacillust 


Cl. welchiitt 
Corynebacterium 
Corynedacterium pyogenes 
— cobacterium 
Nocardia 





Tie ty 


~ 
~ 


4 species 
3 species 
1 strain 

8 species 
6 strains 
3 species 
3 species 
2 species 
3 species 
2 strains 


Streptomy ces 
Actinomyces 
Actinomyces israeli 
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Gluc 
Gluc 
Gluc (Gal, Man) 
Rh (Gluc, Gal, Man) 


Gluc (Gal, Man) 
Glue (Gal, Man) 


(Gluc, Gal, Rh) 


Lysine 


Lysine 
DAP-meso 


DAP-LL 
DAP-meso 
DAP-LL + 
DAP-meso Gal, Arab, Man 
sine Rh 
Gal, Arab 
Gal, Arab 
Gly — 
Gly _ 
Lysine — Gal 
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* DAP, diaminopimelic acid; Gly, glycine; 
arabinose; Rh, rhamnose. 
t+ From Salton and Ghuysen (ref. 26). 


Asp, aspartic acid; Ser, serine ; 


Gluc, glucose; Gal, galactose; Man, mannose; Ara’, 


t This organism is atypical in having Li-diaminopimelic acid ; other clostridia have meso-diaminopimelic acid in whole cells (ref. 6). 


fat and ten times less hexosamine than those from 
Gram-positive organisms ; their amino-acid pattern 
was more complex, being composed of almost the 
complete range of amino-acids found in proteins, 
with diaminopimelic acid in addition. Walls from 
Gram-positive cocci contamed no aromatic or 
sulpkur-containing amino-acids; in some species 
only alanine, glutamic acid, glycine, aspartic acid 
and lysine were present in major amounts. Bacillus 
subtilis contained, in addition, diaminopimelic acid 
and some other amino-acids. 

Qualitative examinations were made by Cummins 
and Harris on walls from large numbers of Gram- 
positive Eubacteriales and of the Actinomycetales**. 
Additional purification steps were employed, involving 
treatment of wall preparations with trypsin, pepsin 
and ribonuclease, and, for the acid-fast organisms, 
alcoholic potassium hydroxide. The results are sum- 
marized in Table 1. They show glucosamine and 
muramic acid in walls from all organisms, galactos- 
amine in some. Only three or four amino-acids were 
present in each wall preparation; these were 
glutamic acid, alanine and either diaminopimelic 
acid or lysine, and sometimes also aspartic acid, 
glycine or serine. Other amino-acids, if present, 
were only in trace amounts and are not included in 
the table. The distribution of the sugars (glucose, 
galactose, mannose, arabinose and rhammnose) varied 
greatly between the species. In general, the results 
suggest that “‘each bacterial genus may have a dis- 
tinctive pattern of cell wall components, in par- 
ticular among the amino-acids present’’*. The table 
is presented to show the typical patterns of the 
genera, but also includes some exceptional organisms 
(printed in italic type) which have atypical patterns, 
particularly with respect to diaminopimelic acid and 
lysine. Of those amino-acids, one is always present 
in cell walls, but they appear to be mutually exclusive 
in these types of organisms. Thus, walls from typical 
cocci and lactobacilli contained lysine but no diamino- 
pimelic acid, but the atypical micrococcus species 
and Lactobacillus plantarum (syn. arabinosus) con- 
tained diaminopimelic acid but no lysine. The 


exceptional corynebacteria and actinomyces con- 
tained lysine instead of the diaminopimelic acid 
found in the rest of the genera. Even the stereo- 
isomeric forms of diaminopimelic acid were dis- 
tributed selectively among the genera. The meso 
(DL) form is the most widely distributed isomer of 
diaminopimelic acid* ; but the less common LL-form 
was found in whole cells and walls of propionibacteria 
and aerobic non-acid-fast Actinomycetales. Glycine 
was always present in walls when LL-diaminopimelic 
acid occurred, but seldom with meso-diaminopimelic 
acid. 

These results point to the existence in Gram- 
positive Eubacteriales and in Actinomycetales of a 
common ‘basal’ cell-wall structure containing mainly 
the following organic constituents: a hexosamine 
component comprising glucosamine and muramic 
acid and sometimes also galactosamine ; a peptide 
component made up of alanine, glutamic acid and 
either diaminopimelic acid or lysine, with sometimes 
also either glycine, aspartic acid or serine; usually 
also a polysaccharide containing not more than four 
different sugar residues. The use of enzymes for 
purifying wall preparations probably accounts for 
the simpler amino-acid patterns obtained by Cum- 
mins and Harris, in comparison to the more numerous 
amino-acids reported by Salton and other workers 
when the walls were purified by washing only. 
Although the results of the enzymic purification 
technique may convey a false impression of sim- 
plicity, they have the advantage of focusing attention 
on the ‘basal’ structure. Other substances were 
undoubtedly originally attached to the walls, as for 
example the protein antigens*, which can be removed 
by proteolytic digestion whereby the walls may lose 
up to 45 per cent of their weight. Even the enzymic- 
ally purified walls sometimes contained traces of 
other amino-acids which could have arisen from 
minor quantities of functional proteins enmeshed in 
the wall structure. 

The wall constitution of the relatively few Gram- 
negative species examined by Cummins and Harris 
was not appreciably simplified by preliminary enzymic 
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treatment. The marked differences between the 
general properties of Gram-negative and Gram- 
positive bacteria cannot yet be explained on the 
basis of cell-wall structure, neither has the mechanism 
of the Gram stain been elucidated. Cell walls are 
uniformly Gram-negative irrespective of their origin’, 
and all sub-cellular fractions of the Gram-positive 
organism B. megaterium were found by Gerhardt and 
co-workers to be Gram-negative. There is no doubt 
that the undamaged cell structure is essential for 
Gram staining, although the presence of the cell wall 
may not be necessary for retention of stain. 
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Other Bacterial Structural Units 


When external conditions provide high osmotic 
pressure, the cell wall is apparently not essential for 
life of the bacterial cell and can be removed by 
various means, most conveniently by lysozyme 
digestion”¢, The resultant osmotically fragile 
spherical body is known as a ‘protoplast’; it can, 
when suitably protected osmotically and mechanic- 
ally, continue to synthesize protein and nucleic acids 
and even to grow and divide'¢, The protoplast is 
surrounded by a semipermeable membrane which 
does not protect the cell from mechanical or osmotic 
stresses’.¢. On reduction of osmotic pressure of the 
surrounding medium, the protoplast lyses, leaving 
the membrane as an empty case or ‘ghost’. On dis- 
integration, the ‘ghost’ forms small particles or 
granules. Protoplast membranes, or small particles 
therefrom, are lipoproteins in the case of various 
Gram-positive organisms, and constitute about 10 per 
cent of the cell weight; they contain most of the 
amino-acids found in proteins, thus differmg markedly 
from the cell wall. The protoplast membrane is 
probably identical with the lipoprotein cytoplasmic 
membrane lying immediately under the wall in whole 
cells, which is considered to be the source of the 
small granules. 

Walls of Gram-negative organisms, comprising 
up to 20 per cent of lipid, are known to contain 
lipoprotein granules of similar size to the cytoplasmic 
small-particle fraction. There is insufficient evidence 
to show whether these granules are specific to the 
cell wall or whether they are parts of the cytoplasmic 
membrane enmeshed in the wall. In combination 
with polysaccharides, the wall lipoproteins provide 
the heat-stable O-somatic antigens and the phage 
receptor sites**°, The immunological properties of 
protoplast membranes of Gram-negative organisms 
have not been reported; in the Gram-positive B. 
megaterium, group specificity was exhibited by such 
membranes and there were no cross-reactions with 
the heat-stable surface antigens which are not lipo- 
proteins“. This suggests the absence from walls of 
Gram-positive species of components of the cyto- 
plasmic membrane. Polymixin, an antibiotic inter- 
fering with semipermeability after binding by 
bacteria, was evenly distributed between the wail 
and small-particle fractions of a Gram-negative 
Pseudomonas, whereas 90 per cent of the total poly- 
mixin bound by Gram-positive species was in the 
small particles and only 10 per cent was in the wall’. 
Walls from certain Gram-negative organisms showed 
two layers, the inner having spherical macromole- 
cules4 ; but two layers have not been reported from 
Gram-positive species. The lipoprotein component of 
Gram-negative walls would contribute many amino- 
acids to the wall analysis and would also lower the 
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level of hexosamines ; it would thus mask the ‘basal’ 
wall structure, if this structure were present. The 
facts that both lysozyme and penicillin act on Gram- 
negative bacteria through their cell walls (see later), 
and also the constant presence of diaminopimelic 
acid in these bacteria, suggest that these ‘basal’ wall 
units may be present. ‘This is also suggested by 
unpublished work of Weidel and co-workers, who 
found diaminopimelic acid exclusively in the lipo- 
protein-polysaccharide phage-receptor particles of 
isch. coli walls. Soluble fragments of the walls were 
liberated by phage enzymes ; they contained almost 
all the diaminopimelic acid of the receptors and 
resembled in composition the ‘basal’ wall structure 
of diaminopimelic acid containing Gram-positive cell 
walls. The fragments were originally reported to 
contain only three amino-acids, glutamic acid, 
alanine and cystine’? ; at the suggestion of the author 
of this review, re-investigation showed them to 
contain diaminopimelic acid, not cystine: glucos- 
amine and muramic acid were also found. 

The slimy capsular layer lying outside the cell 
walls of certain bacteria is barely within the scope of 
this review. Only in the case of B. megaterium is the 
capsule known to contain compounds related to the 
cell wall. It consists of a glutamyl polypeptide 
interspersed in a polysaccharide framework’. The 
polysaccharide contained glucosamine, galactosamine 
and muramic acid and was serologically identical 
with a mucopolysaccharide of the cell wall (see later) 
which contained the same three hexosamines. 

The spore coats of bacteria have not een fully 
investigated, but a little information is available on 
spores from some bacillus species. A matrix of 
‘beaded macromolecules’ was shown by Knaysi in 
electron photomicrographs of B. megaterium spores ; 
in freshly shed spores, the matrix was embedded in 
a homogeneous ‘ground substance’ which gradually 
disappeared by autolysis. Coats from mechanically 
disintegrated spores, examined by Strange, had little 
or no nucleic acid and contained phosphorus, lipid, 
glucose, glucosamine, muramic acid and most of 
the common amino-acids, including diaminopimelic 
acid'*, Presumably the stable matrix contributed 
the numerous amino-acids; as discussed later, the 
‘basal’ wall structure (as ‘spore peptide’) was prob- 
ably present in the more labile ‘ground substance’. 


Wall Formation and Action of Penicillin 


Since the cell wall differs in composition from the 
other components of bacteria, its formation might 
be selectively prevented by shortage of ‘basal’ wall 
components or by inhibition of certain enzymes, 
while other synthetic processes might be unaffected. 
Failure of growing cells to form walls might result in 
lysis of the culture, since wall-free protoplasts, 
although capable of growth and division, would 
burst because they could not resist the low osmotic 
pressure of a normal culture medium. This may have 
been the explanation for the lysis which occurred 
when mutants of Esch. coli, requirmg diaminopimelic 
acid, were grown on limiting amounts of the latter", 
or when Strep. faecalis was grown on limiting amounts 
of lysine®. When penicillin was added to logarithmic- 
ally-growing cultures of Proteus vulgaris or Esch. coli, 
lysis occurred, with intermediate formation of large 
globules which emerged from the centre or ends of 
the bacterial rods'*'*4’, In hypertonic culture media, 
Lederberg showed that penicillin did not cause lysis, 
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forming rod-shaped ceils on dilution of the peni- 
cillm’’. He suggested that a site of penicillin action 
may be the bacterial cell wall and that “new wall 
formation, rather than the existing wall, is the 
probable target, as non-growing cells are not killed 
by penicillin”. The ‘large forms’ of bacteria, pro- 
duced by penicillm, may be unstable protoplasts 
extruded through existing walls at points where 
failure of new wall synthesis had occurred. 

Further support for the supposition that penicillin 
inhibits wall synthesis is afforded by the accumulation 
of certain uridine derivatives in Staph. aureus grown 
in the presence of penicillin. Three such compounds 
were isolated by Park and found to be uridine-d- 
phosphate nucleotides of an N-acetyl-amino sugar, 
now identified as muramic acid'*. In one compound 
the nucleotide was free, in another it was linked to 
alanine and in the third it was linked to a peptide of 
alanine, glutamic acid and lysine. Low concentrations 
ef these nucleotides were found in normal cells. 
After addition of penicillin, in the short period 
(45 min.) during which the cells remained viable, the 
nucleotides increased fifty-fold and they accounted 
for 5 per cent of the total phosphorus used by the 
cells in that time. The muramic acid and amino-acid 
contents of these nucleotides suggest that they were 
connected with cell walls, which, in the case of 
Staph. aureus, also contained glucosamine and 
glycine. The uridine content of the nucleotides shows 
that they were not derived from breakdown of 
existing walls, which are free from pyrimidines. 
They were possibly destined, in conjunction with 
other sub-units containing glucosamine and glycine, 
to form ‘basal’ cell-wall units. It is now possible to 
interpret certain results of other investigations on 
the early effects of penicillin on growing cultures. In 
Staph. aureus, there was accumulation of unspecified 
nucleotides, a fall in a fraction “contributing signi- 
ficantly to the cell dry weight” and a drop in an 
unidentified phosphorus fraction found to be localized 
in walls of normal cells?®. Also, MeQuillen found 
the surface charge was very rapidly changed by 
penicillin. 

These effects could all be explained if the primary 
action of penicillin were inhibition of one of the 
reactions leading to synthesis of the basal wall struc- 
ture from hexosamine-peptide units, some or all of 
which are already assembled as uridine nucleotides. 
Later effects are probably secondary ones consequent 
on lysis. The enzyme system inhibited by penicillin 
may be situated in or near the cytoplasmic membrane, 
since Cooper found evidence for a specific penicillin- 
binding site in the small-particle lipoprotein fraction. 
Although this location might be regarded as support 
for @ connexion between penicillin antibiosis and 
wall synthesis, it must be poimted out that both 
Weibull and Mitchell have found that many active 
enzymes are confined to similar fractions from 
bacterial cells. Protoplasts of Esch. coli produced by 
penicillm or lysozyme action can apparently syn- 
thesize cell walls, as they are capable of regenerating 
into rod-shaped cells!?*. In contrast, B. megaterium 
protoplasts, produced by lysozyme, cannot form cell 
walls, although they can divide. Cell-wall synthesis 
may be an extra-cytoplasmic process*4, and the 
necessary enzymes may be lost sometimes from 
protoplasts. The high molecular-weight compounds 
of cell walls are probably incapable of passing through 
the semipermeable cytoplasmic membrane, and may 
be synthesized in situ from smaller diffusible units 


but produced large stable protoplasts capable of 
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such as nucleotides. The excretion of these units 
might be aided by enzymes similar to those, called 
‘permeases’ by Monod, which transport various meta- 
bolites into the cell. Possible sites for penicillin action 
are the enzymes which polymerize or transport 
wall precursors. Protoplasts of B. megaterium, 
examined by MecQuillen after a period of synthetic 
activity in which '*C-aspartate was incorporated into 
other amino-acids, had lost their intracellular di- 
aminopimelic acid into the surrounding medium. This 
could be due to the tendency of the cytoplasm to 
excrete diaminopimelic acid so that it would be 
available at the site of wall synthesis. The nature of 
this excreted diaminopimelic acid has not been 
investigated ; in whole cells of B. megaterium a 
considerable proportion of the intracellular diamino- 
pimelic acid is in the free state*. No information is 
available as to the occurrence in protoplasts of other 
specific cell-wall constituents such as glucosamine or 
muramic acid. 


Other Compounds containing Cell-wall 
Constituents 


Other substances isolated from bacterial products 
have contained some or all of the compounds now 
recognized as components of the ‘basal’ wall structure. 
At the time of isolation, most of them were not con- 
nected with the cell wall, but present knowledge 
suggests that they were derived from it. A soluble 
peptide, ‘spore peptide’, isolated by Strange and 
Powell from germination exudates and extracts of 
spores of B. megaterium, was composed of alanine, 
glutamic acid, diaminopimelic acid, N-acetyl-glucos- 
amine, and muramic acid*. This peptide provided 
the source of muramic acid for purification and 
characterization. An antigenic lipopolysaccharide 
(‘wax D’), which was isolated by Lederer and co- 
workers from human strains of Mycobacterium tuber- 
culosis, had a molecular weight of 15,000—-20,000, and 
consisted of mycolic acid linked, through its carboxy! 
group, to a phosphorylated mucopolysaccharide*’'. 
The mucopolysaccharide (molecular weight 6,000- 
9,000) contaimed arabinose, mannose and galactose 
and a peptide fraction having equimolar proportions 
of alanine, glutamic acid and diaminopimelic acid. 
This was the first compound in which diamino- 
pimelic acid was found, the identification being made 
simultaneously with its discovery in whole cells of 
C. diphtheriae. The mucopolysaccharide reacted in 
the precipitin test with human tuberculous antisera, 
and in this respect resembled a lipid-bound poly- 
saccharide, extracted by Haworth, Kent and Stacey 
from M. tuberculosis, which contained the same 
carbohydrates but also glucosamine. The content of 
‘wax D fraction’ of mycobacteria varied from one 
strain to another; in the human strains it was 
directly connected with degree of virulence ; in non- 
human strains, wax D did not contain amino-acids. 
A mucopolysaccharide isolated from a Bacillus M 
contained 4-7 per cent phosphorus, glucosamine, 
galactosamine and probably muramic acid, some 
acetyl groups and alanine, glutamic acid and diamino- 
pimelic acid’. The compound was also present to 
some extent in the capsule; it was serologically 
identical with the free polysaccharide antibody of the 
capsule which gave the specific cell-wall reaction and 
which contained the same hexosamines. A. cell-wall 
polysaccharide from B. anthracis was found by 
Strange and co-workers to contain galactose, glucos- 
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amine, muramic acid and small amounts of alanine, 
glutamic acid, diaminopimelic acid, aspartic acid and 
glycine. The streptococcal group C substance, 
extracted from Strep. pyogenes walls, contained 
N-acetyl-glucosamine, rhamnose and an unidentified 
peptide which may well prove to contain the other 
‘basal’ cell-wall constituents**, An insoluble fraction 
from M. tuberculosis which, in conjunction with 
homologous brain extracts, produced allergic en- 
cephalomyelitis, contained mycolic acid, a small 
amount of hexosamine, glucose, galactose, alanine, 
glutamic acid and diaminopimelic acid**. The soluble 
‘wax D’ from M. tuberculosis, although somewhat 
similar in composition, did not have the activity of 
the cell-wall fraction. Various natural and synthetic 
compounds containing N-acetyl-glucosamine (bifidus 
factor) are growth factors for some strains of Lacto- 
bacillus bifidus ; it is not known yet if the factor is 
required specifically for cell-wall synthesis. 


Enzymic Breakdown of Cell Walls 


Many enzymes which lyse bacteria attack cell walls 
specifically’*, One such enzyme is lysozyme, known 
also to degrade mucoproteins of animal origin. <A 
‘mucopolysaccharide’ from cells of Micrococcus 
lysodeikticus, was found some years ago by Epstein 
and Chain to be degraded by lysozyme with liberation 
of reducing sugars ; it is now known to be composed 
of ‘basal’ cell-wall constituents’*. The sensitivity of 
different species to lysozyme digestion varies from 
the complete dissolution shown by cell-wall prepara- 
tions of, for example, M. lysodeikticus, Sarcina lutea 
and B. megaterium, to complete resistance shown by 
other organisms (Strep. faecalis, B. anthracis). Gram- 
negative organisms, generally considered to be uni- 
formly insensitive to lysozyme, have recently been 
digested at pH 9 or in the presence of versene'®*4, 
Enzymes lysing cell walls are produced by many 
species of bacteria, especially the sporulating bacilli 
and streptomyces. They have a range of specificity 
which appears sometimes to be correlated with lyso- 
zyme sensitivity. Some types of bacteria produce 
lysins which attack walls only of Gram-positive 
lysozyme-sensitive organisms'’**; another lysin 
attacks walls from a lysozyme-resistant species, but 
has no action on a lysozyme-sensitive bacillus®? ; 
other lytic enzymes showed intermediate, different 
or unstated specificity ranges'**. 

Digestion of cell walls by these enzymes has mainly 
been studied by Salton!4?’ and Strange’*. A range 
of soluble fragments was produced. The major frac- 
tion was in each case non-dialysable and consisted of 
compounds, molecular weight 10,000—20,000, which 
contained all the components of the walls from which 
they were derived. In a given digest, there were 
often two or three such fragments differing in their 
hexosamine contents. Dialysable fractions of lyso- 
zyme digests contained no free sugars, amino-sugars 
or amino-acids and very few free amino-groups ; the 
main dialysable component found by Salton was an 
amino-sugar complex, possibly a dimer composed of 
N-acetyl-glacosamine and muramic acid. ‘lhe lytic 
enzyme from B. cereus spores studied by Strange 
released products giving no positive reaction for 
N-acetyl-hexosamines. Products of digestion with 
lysozyme gave this reaction and had reducing powers. 
The streptococcal group C antigen and reducing 
substances were released from walls of Strep. pyogenes 
by @ lytic enzyme from Streptomyces albus**, 
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Two lytic enzymes separated from ‘actinomycitin’, 
an enzyme from a Streptomyces species, appear to be 
peptidases and differed from all the above-mentioned 
enzymes**, Free alanine or glycine and !ow molecular- 
weight peptides were found in the dialysable fraction 
of the digests from walls of various organisms; at 
least some of the alanine released from walls of 
Staph. aureus was the p-isomer. 70 per cent of the 
wall weights were released as two or three non- 
dialysable fragments with similar molecular weights 
(10,000-15,000) but different electric charges; they 
all had a high proportion of free amino-groups. 

The lytic enzymes of sporulating bacillus species 
appear to be involved in the sporulation cycle. 
Enzymes in extracts of washed sporulating cells of 
B. cereus are probably concerned in the release of 
free spores from the sporangia, while the activation 
of a lytic system found in spores of several species 
may initiate the first stages of the germination 
process'*, All the enzymes responsible for these 
lytic effects released soluble compounds containing 
the ‘basal’ cell-wall components, the main digestion 
product during spore germination being the ‘spore 
peptide’. The difficulties normally experienced in 
obtaining repeatable spore-coat preparations, and the 
observed autolysis of spores resulting in shedding of 
spore-coat material, can be explained by the spon- 
taneous activity of the lytic enzyme in the spore 
coats. When spore coats were prepared under con- 
ditions which minimized autolytic action, they 
contained most of the diaminopimelic acid and 
amino-sugars found in intact spores'*. It is thus 
apparent that ‘spore peptide’ is a wall degradation 
product and not a “soluble fraction of the cell wall 
elaborated by the germinating protoplasm’’?. 

The lytic action of bacteriophage may also be 
ascribed to enzymic liberation of a wall fragment 
containing the ‘basal’ wall components, according to 
the findings of Weidel. Cell walls of Staph. aureus 
contain an autolytic enzyme system which also 
attacks walls of M. lysodeikticus®®; it may cause wall 
rupture prior to cell division. 


Investigations on Chemical Structure of 
Cell Walls 


Little information can be obtained on the detailed 
chemistry of the ‘basal’ cell-wall structure in situ, 
because of the insoluble nature of the walls. End 
amino-group determinations on wall preparations by 
reaction with fluoro-dinitrobenzene** showed that in 
walls of M. lysodeikticus and S. lutea, alanine was the 
principal N-terminal group and that it occurred 
relatively infrequently (1 end-group per 50,000 
molecular weight); most of the e-amino groups of 
lysine were free. In B. megaterium there were even 
fewer end-alanine groups, but about 30 per cent of 
the diaminopimelic acid residues had one free amino- 
group. Lysozyme digestion released only one 
N-terminal alanine group per 50,000 molecular 
weight units. Walls treated with fluoro-dinitrobenzene 
were still susceptible to lysozyme digestion, and the 
digests showed the same number of electrophoretic 
components as those from untreated walls. The pure 
nucleotide-peptide extracted from penicillin-treated 
Staph. aureus had alanine as an end-group and con- 
tained glutamic acid, alanine, lysine and muramic 
acid in molar proportions (approximately 1:3: 1: 1) 
similar to those found in wall preparations from 
normal Staph, aureus cells’*. In the walls, the other 
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components, glucosamine and glycine, were present 
in molar proportions of 2 and 4, respectively. 

Some enzymic degradation products of walls can 
be obtained as homogeneous compounds and should 
provide valuable information on the structure of the 
original cell wall, when the details of their com- 
position and mode of release by enzymes are known. 
The ‘spore peptide’ from germination exudates of 
B. megaterium spores had a molecular weight of 
15,300 and contained 0-03 per cent phosphorus, and 
the following approximate molar ratios of com- 
ponents®: alanine 3, glutamic acid 1, diaminopimelic 
acid 1, acetyl 8, glucosamine and muramic acid (as 
glucosamine) 8. It was degraded into a number of 
small dialysable peptides by an enzyme from B. 
subtilis which hydrolyses y-p-glutamyl peptides, but 
no free glutamic acid was released**. This suggested 
that, although there was peptide-bonding through 
the y-carboxyl group, there was none of the poly- 
p-glutamyl residues which occur in the capsular 
polypeptides. 

Soluble non-dialysable fragments (referred to as 
‘peptides’) of walls and spore coats from three 
Bacillus species have been obtained through the 
action of the spore-lytic enzyme from B. cereus’. 
Their compositions varied slightly from one species 
to another, although they contained all the com. 
ponents of the ‘basal’ cell-wall structure; the 
vegetative-wall peptides showed slight differences 
from the corresponding spore peptides, notably in 
higher contents of phosphorus and glucose. The 
peptides from spore coats and vegetative walls of B. 
megaterium were attacked by lysozyme; digestion 
mixtures gave positive reactions for N-acetyl-hexos- 
amines and reducing sugars. The ‘spore peptide’ 


yielded approximately equal proportions of dialysable 


and non-dialysable fractions, both of which contained 
all the ‘basal’ cell-wall components ; the dialysable 
fraction contained the hexosamine dimer, detected 
by Salton in lysozyme digests of whole cell walls. 

Vegetative cells of two varieties of the species B. 
sphaericus were exceptional in containing no diamino- 
pimelic acid, although the spores had normal contents 
of that amino-acid*!. The walls could not be degraded 
by the spore lytic enzyme, but on digestion with 
lysozyme they yielded peptides similar in com- 
position to those from other Bacillus walls, except 
that lysine replaced diaminopimelic acid, and aspartic 
acid was also present. The peptide extracted from 
spores of one species had an apparently normal 
composition, with diaminopimelic acid and a small 
amount of aspartic acid. 

Little is known about the inorganic constituents of 
cell walls. The presence of phosphorus in all walls 
and fragments analysed is noteworthy, but the 
nature of its binding has not been investigated since 
@ ‘polyol phosphate’ was described in walls of Staph. 
aureus® and in whole cells of many Gram-positive 
species. The lysozyme sensitivity acquired by Gram- 
negative bacteria in the presence of versene* suggests 
that some metal complex in the wall may afford 
protection against lysozyme digestion. 

A little information is available as to the optical 
configuration of constituents of cell walls. In the 
walls of Strep. faecalis, all the lysine, about 75 per 
cent of the total alanine and 15 per cent of the total 
glutamic acid were the L-isomers; walls from a 
Lactobacillus species (designated L. casei but possibly 
contaminated with L. arabinosus) contained some 
'D-lysine, while 54 per cent of the total alanine and 
65 per cent of the total glutamic acid were the 
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p-isomers**. The nucleotide-peptide fraction from 
penicillin-treated Staph. aureus and also the wall 
preparations from normal cells contained from 
45 to 50 per cent of their alanine and 92-100 per cent 
of glutamic acid in the p-form; lysine was the 
L-isomer!®, In the spore peptide from B. megaterium, 
one-quarter of the total alanine and all the glutamic 
acid were the D-isomers*® ; diaminopimelic acid was 
present as the meso-isomer*. 

It is evident that a considerable proportion of the 
alanine and glutamic acid of the cell walls examined 
is in the p-configuration. The function of the 
D-isomers might be to render the walls resistant to 
digestion by proteolytic enzymes. It is not known 
whether p-isomers are evenly distributed with the 
L-isomers through all the peptide chains, or if they 
are confined to certain regions of the molecule. The 
isomer of diaminopimeéelic acid most commonly found 
in bacterial cells is the meso-form*. Possibly diamino- 
pimelic acid, being multifunctional, forms cross-links 
between peptide chains; the meso-isomer, with a 
p-configuration at one end and an L-configuration at 
the other, might be capable of linking two peptide 
chains containing different configurations. It is not 
known whether the few species (for example, pro- 
pionibacteria and streptomyces) which contain 
LL-diaminopimelic acid in their walls also have only 
the L-isomers of alanine and glutamic acid, but it is 
noteworthy that glycine was found in all walls 
where LuL-diaminopimelic acid occurred, but not 
usually where meso-diaminopimelic acid was present 
(Table 1). 

The general inference that can be drawn on overall 
structure of bacterial cell walls is that, in the case of 
the Gram-positive organisms at least, they consist of 
an insoluble basal groundwork of chains of acetylated 
glucosamine and muramic acid, bound in unspecified 
ways to peptides which may be highly cross-linked 
or cyclic ; polysaccharide units and phosphorylated 
compounds may also be attached. Degradation 
through the action of various enzymes results in 
production of both small fragments and large soluble 
sub-units of molecular weight about 15,000, the end- 
groups differing according to the specificity of the 
enzyme used. It is also evident that there is vari- 
ability in amount and distribution of the different 
constituents in walls of different species. The soft 
gelatinous walls of Myxobacteria have not yet been 
investigated owing to their nature, but as diamino- 
pimelic acid has been found in this type of organism‘, 
they too may possess the ‘basal’ cell-wall structure. 
Few results on wall composition of other micro- 
organisms have been published, but it seems that the 
‘basal’ structure containing muramic acid and limited 
amino-acids may be confined to bacteria. The 
selective action of penicillin could be explained if 
the drug inhibits the synthesis of the specific ‘basal’ 
structure. If this structure is indeed confined to 
bacteria, penicillin would be without toxicity to the 
host or to other organisms. 

In view of the continual separation and examination 
of new substances of microbiological origin, it is 
probable that other compounds will be reported 
which contain one or all of the components of the 
‘basal’ bacterial wall structure. One purpose of this 
review is to direct attention to the possible origin of 
‘mucoid’ compounds containing muramic acid or 
peptides with simple amino-acid patterns, including 
alanine, glutamic acid, lysine or diaminopimelic acid. 
Such compounds, or their fragments, mz.y be derived 
from or destined for the bacterial cell wall. 
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OBITUARIES 


Dr. L. F. Spath, F.R.S. 


Wrrs the death of Leonard Frank Spath, which 
oecurred on March 2 at the age of seventy-four, there 
has passed from the scene a palxontologist whose 
reputation was world-wide. Spath was born and 
educated in South Africa. It was not, however, untii 
he had settled in England that an ambition to devote 
his life to the study of fossils came within sight of 
realization. Deriving the means of sustenance from 
the profession of commercial artist, he began to 
study for a degree, and in 1912, at the age of thirty, 
passed the external B.Sc. examination of the Univer- 
sity of London with first-class honours in geology. 
Meanwhile, he gained field-experience in Newfound- 
land (1910) and Tunis (1912) as a member of mineral 
prospecting parties. On the second expedition he 
collected ammonites described in the following year 
in his first paper. 

Spath was given intermittent employment in the 
Geological Department of the British Museum 
(Natural History) during 1912-15, served in the 
Army during 1916-19, and settled down in the 
Museum finally on demobilization. He declined, 
however, the offér of an established post, and worked 
at South Kensington in the morni and as an 
unestablished lecturer at Birkbeck College in the 
evenings. Papers and monographs, covering ammon- 
ites from all three Mesozoic systems, now began to 
flow from his pen, until eventually their number 
exceeded 130. Most important among them are his 
monographs on the Gault Ammonoidea (Palzonto- 

graphical Society, 1923-43) and on the Jurassic 
Cephalopod Fauna of Cutch (Palaeontologia Indica, 
1927-33), and his catalogues, published by the 
British Museum (Natural History) of Triassic 
Ammonoidea (1934, 1951) and of the Liassic family 
Liparoceratidae (1938). His general conclusions on 
ammonite evolution were summarized in 1933 (Biol. 
Rev. Camb. Phil. Soc., 8, 418) and 1936 (Pal. Zeitschr., 
18, 156). He was unable to accept the theory of 
recapitulation, applied to ammonites by Hyatt and 
his followers. Spath’s intimate knowledge of the vast 
literature of his subject and his memory for the 
slight morphological differences serving for specific 


and even generic discrimination in the ammonites 
were equally remarkable. His style was found some- 
what heavy by most readers; but ammonites, he 
always maintained, were a subject only for the 
seriously minded. 

Spath was so constantly absorbed in his work that 
it is not surprising that he found little time for other 
activities, and was rarely, if ever, seen at social 
functions or even at meetings of learned societies. 
In his evening capacity of university lecturer he was 
@ painstaking and lucid teacher, much liked by his 
students. In the Museum, also, he gave unstinted 
help to younger workers and visitors from overseas. 
He was elected a Fellow of the Royal Society in 
1940, received in 1945 the Lyell Medal of the Geo- 
logical Society of London, and was elected in 1951 a 
member of the Royal Danish Academy of Sciences. 

L. R. Cox 


Prof. H. Spenser-Gregory 


Dr. H. SPENSER-GREGORY joined the physics staff 
of the Imperial College of Science and Technology as 
@ lecturer in 1919, following a period of teaching at 
Saffron Walden Grammar School. Although his first 
degree had been in zoology and botany, Dr. Gregory 
soon showed he had a flair for experimental physics, 
which was made evident both in his contact with 
research and with teaching. In the former he 
initiated under the general guidance of Prof. Callendar 
a small but active research school on the measure- 
ment of the thermal conductivity of gases under 
various physical conditions. His later research interest 
had been in the instrumentation side of hygrometry. 
Assist. Prof. Gregory will be remembered by the 
many physics undergraduates who took his course 
for the enthusiastic spirit he created for the subject 
in the lecture room and in the laboratory alike. His 
outside interests were golf, association football and 
motoring. Since his retirement, Dr. Gregory had 
been engaged on writing a book on hygrometry, 
which was published only a few months before his 
death. R. W. B. STEPHENS 
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NEWS and VIEWS 


Physics at the University of Oxford : 
Prof. B. Bleaney, F.R.S. 


Dr. B. BLEaNEY has been appointed Dr. Lee’s 
professor of experimental philosophy and head of the 
Clarendon Laboratory at Oxford, at the age of forty- 
one, in succession to the late Sir Francis Simon. Dr. 
Bleaney has been associated with the Clarendon 
Laboratory for some considerable time, having 
graduated from St. John’s College and taken his 
doctorate at Oxford. He was appointed a Fellow 
and lecturer in physics at his old College in 1947 
and has been one of the most active members of the 
Clarendon Laboratory since this time, being elected 
to the Royal Society in 1950. He was the first person 
to observe spectral lines in the microwave region, 
from which work the whole subject of microwave 
spectroscopy has now developed. In recent years he 
has been responsible for extending the theory and 
technique of electron resonance with particular 
reference to the transition elements. Under his 
leadership the microwave resonance group has con- 
tributed to some of the most important of recent 
advances in both low-temperature physics and mag- 
netic theory, including the experiments on nuclear 
alignment. He is one of the relatively few modern 
physicists who is equally at home with both the 
theoretical and the experimental sides of his subject, 
and has also taken a keen mterest in the problems 
of undergraduate teaching, having recently written a 
new text-book on electricity and magnetism. Dr. 


Bleaney is in the United States at the moment as 
visiting professor at Columbia University, and will be 
returning to take up his chair in the summer. 


Atomic Scientists Association Report on Strontium- 


90 and Bone Cancer 

A COMMITTEE on radiation hazards appointed by 
the Council of the Atomic Scientists Association has 
published a report on its assessment of the effect of 
radioactive strontium-90, produced in hydrogen- 
bomb tests, on the incidence of bone cancer. On the 
assumption that the probability of contracting bone 
cancer is directly proportional to the radioactive dose 
received by the bone, the committee estimates the 
number of cases of bone cancer which are likely to 
result from a given hydrogen-bomb test. A cal- 
culation, given in an appendix to the report, shows 
that a hydrogen-bomb of the type tested at Bikini 
in 1954, if exploded high im the atmosphere, may 
eventually produce bone cancer in 1,000 people for 
every million tons of T.N.T. of equivalent explosive 
power. lt has been stated that the bombs hitherto 
exploded are equivalent, in aggregate, to 50 million 
tons, in so far as their strontium-90 fall-out is con- 
cerned, implying that 50,000 people, spread through- 
out the world; may be affected by the tission products 
already released into the atmosphere as they fall out 
on to the Earth over the next decades. The com- 
mittee estimates that by 1970 the radiation dose to 
bone due to all the fission-bomb tests carried out up 
to the autumn of 1956 will amount to between 9 per 
cent and 45 per cent of the dose received from all 
natural sources, including cosmic rays, radioactivity 
from rocks and from the small amounts of radium 
normally present in bone. There is also the prob- 
ability of a number of cases of leukemia resulting, 
but the committee has found insufficient data upon 
which to estimate its size. The report briefly dis- 
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cusses the validity of the initial assumption that 
there is no threshold-dose of radioactivity below 
which cancer is not induced. 

The report is signed on behalf of the Association 
by its president, Prof. H. S. W. Massey, and by 
its secretary, Dr. H. R. Allan. ‘The members of 
the radiation hazards committee are: Prof. J. 
Rotblat (chairman), Dr. J. W. Boag, Prof. A. Haddow, 
Dr. W. M. Levitt, Dr. Patricia J. Lindop, Mr. 8. |}. 
Osborn, Prof. L. S. Penrose, Jr. A. J. Salmon, Prof. 
P. A. Sheppard and Dr. G. Simon. 


Russian 10 GeV. Synchrotron 

On April 11 it was announced in Moscow that the 
10 GeV. synchrotron at the United Institute for 
Physical Problems at Dubna, near Moscow, is now 
operating at an energy of 8-3 GeV. This machine has 
many features in common with the 6 GeV. ‘Bevatron’ 
at the University of California, formerly the largest 
operating accelerator in the world. ‘Lhe impressive 
size of this new accelerator is illustrated by the fact 
that the magnet alone weighs some 35,000 tons. 
Physicists from America and Western Europe visited 
the Institute at Dubna and saw the accelerator 
during the Moscow Physics Conference last May. 


Harwell Atomic Energy Course for Journalists 

A TWO-DAY course in atomic energy designed for 
journalists will be held in the Reactor School of the 
U.K. Atomic Energy Authority at Harwell on May 3 
and 31. The syllabus will include lectures on radio- 
activity and fission, on reactors and energy from 
fusion, and on the metallurgy and chemistry of 
atomic energy, with practical experiments and 
demonstrations. ‘The number attending the course 
will have to be limited to about twenty-five, and a 
fee of ten guineas will be charged. For those who 
wish to stay in the district overnight, the Reactor 
School will be able to arrange accommodation at 
Goring-on-Thames. Inquiries should be addressed to 
the Reactor School, Atomic Energy Authority, 
Harwell, Berkshire. 


Brecon Beacons National Park 

THE Minister of Housing and Local Government 
has confirmed an Order designating the Brecon 
Beacons as a National Park. This is the tenth 
National Park to be designated, and the third in 
Wales. Its creation means that one-eleventh of 
England and Wales is now National Park land. The 
new Park covers the southern part of Breconshire 
and extends into Carmarthenshire in the west and 
Monmouthshire in the east. Its 515 square miles 
include the Brecon Beacons, the Black Mountains 
and the Carmarthenshire Vans, and its varied scenery 
of river and moorland, of mountain slope and wooded 
valley, is among the finest in the country. Some old 
and interesting towns are included within the Park ; 
Brecon with its cathedral and the once-walled market 
town of Hay-on-Wye form excellent centres for 
exploration. Sites of Roman and ancient British 
settlements abound and there are several fine Norman 
and medieval castles, existing churches and country 
houses. The River Usk offers some of the best salmon 
fishing in the country. Fishing is also to be had in 
Llangorse Lake under the shadow of the Black 
Mountains, where many varieties of wild fowl are 
to be found. The purpose of the designation is to 
preserve the natural beauty of the area and to pro- 
mote its enjoyment by the public, but it does not 
confer any additional freedom of access to private 
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land. Ownership of the land is not affected and the 
normal life and work of the area continue. 


The Future of Education in Britain 

In his presidential address to the National Union 
of Teachers delivered on April 20, Mr. J. Archbold, 
referring to the increasing demand for more scientists, 
technologists and technicians, said that this demand 
can only be met by the co-operative effort of all 
teachers. Sound foundations are essential, but he 
believes we are falling behind the United States, the 
U.S.S.R. and other industrial powers in the training 
of scientists and technologists. He urged that a ten- 
year plan is required to implement most, if not all, 


of the reforms promised in the Education Act of 


1944, and in the order of priorities he put first the 
reduction in the size of classes to at least the maximum 
figures quoted in the Ministry of Education regula- 
tions. His second priority was to implement the 
National Advisory Council’s report upon a three- 
year teacher training course, and to introduce the 
extended period of training by 1960. Next, he put 
the increase in the number of scientists, technologists 
and technicians, and in this connexion he said that 
greater efforts are required throughout the educa- 
tional system of Britain at school age to provide a 
liberal education. Extended facilities for universities 
and technical colleges are also required, as well as 
adequate maintenance grants, taxation reliefs and 
family allowances; a choice will have to be made 
between raising the school-leaving age to sixteen and 
providing county colleges and part-time education 
to eighteen. Mr. Archbold favours the latter in 


present circumstances. He also emphasized the part 
played by the home, the employer and the State in 
education and, while welcoming the stand taken both 
by Sir David Eccles and Lord Hailsham for the 


development of education, expressed concern that 
the Government’s recent decision in regard to block 
grants would lead to reduced expenditure on 
education. 


Radio Astronomy 

THe January 1957 number of the American 
Scientist is @ commemorative issue to mark the 
seventieth anniversary of the founding of the Society 
of the Sigma Xi. Two of the main articles are devoted 
to the subject of radio astronomy. ‘The first, ‘The 
Beginnings of Radio Astronomy”, by C. M. Jansky, 
jun., which was presented to a meeting of the 
American Astronomical Society on-March 26, 1956, 
is an appreciation of his late brother’s (Karl Guthe 
Jansky) discovery of, and contribution to, radio 
astronomy. As he aptly puts it, “Karl Jansky gave 
us our first brief look at interstellar space through a 
new and previously unknown window in the electro- 
magnetic spectrum’. The second, ‘“The Develop- 
ment of Radio Astronomy”, by G. S. Hawkins 
(Harvard College Observatory), gives a detailed 
description of the equipment used by radio astro- 
nomers and the results obtained recently, including 
signals from the Sun, radio stars, the Milky Way and 
Jupiter. Radar astronomy is briefly described, but 
it is emphasized that it will probably never become 
as spectacular as radio astronomy. Other articles in 
the issue are ‘‘A Survey of the Particles of Physics’, 
by A. H. Snell (Oak Ridge), which gives a general 
picture of the various elementary particles, including 
the antiproton and antineutron, and their properties 
known at the end of 1956, and ‘“‘Automation”’, by 
W. J. Cunningham, which is a non-technical but 
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clear description of feedback or automatic control 
and the various fields in which it may be applied. 


A Question of Gravity 

Dr. B. W. Hirsu, of Harrogate, has raised the 
question of whether it is possible for a liquid and its 
vapour to co-exist in equilibrium under such com- 
pression that the vapour is denser than the liquid. 
Miss K. M. Gratwick writes: Such conditions have 
been obtained with certain binary systems under 
high pressure. The phenomenon was first observed 
by Kamerlingh Onnes with a _ helium-hydrogen 
mixture (Proc. Koninkl. Ned. Akad. Wet., 9, 459; 
1906). At liquid hydrogen temperatures and at 
pressures less than 49 atmospheres, the phase richer 
in helium is the lighter, whereas at greater pressures 
it is the heavier. The effect is reversible and by 
varying the pressure a ‘gas’ bubble could be made to 
rise or sink at will through the liquid. 

Lindroos and Dodge (Chem. Eng. Progress, Symp. 
Ser. 3, 48, 10; 1952) have observed a similar 
phenomenon with nitrogen—-ammonia mixtures 
throughout the range of temperatures (30°-110° C.) 
investigated. At pressures less than 1,820 atmo- 
spheres, the ammonia-rich phases are the denser, 
but above 2,100 atmospheres they are lighter. Such 
barotropic effects arise in systems containing two 
components, due to changes in their relative com- 
pressibilities under conditions in which the densities 
of the liquid and vapour phases are nearly equal, 
that is, in the critical region of the mixture. 


Anomalies of the European Aerological Network 


It has been recognized for the past century that 
international intercomparability of meteorological 
observations is essential. The World Meteorological 
Organization has been developed with that object as 
one of the leading purposes of its existence. It must, 
however, regretfully be realized that such inter- 
comparability does not exist over Europe for one of 
the latest kinds of observation, the measurement of 
pressure and temperature in the upper air by radio- 
sonde. Nine types of radio-sonde are in use in Europe, 
and the differences between them are serious, as is 
well brought out in a pamphlet by the director of 
the Swiss Meteorological Office and the chief of the 
Swiss Aerological Observatory (J. Lugeon and P. 
Ackermann. Les anomalies du réseau aérologique 
européen. Tirage 4 part des “Annales de la Station 
centrale suisse de Météorologie”, 1955. Zurich, 1956). 
The differences are due to variations in susceptibility 
of the temperature elements to solar radiation, in 
lag, in thermal coefficient of the pressure-measuring 
unit, and instability after calibration. Unfortunately 
these are not direct zero errors but vary with height, 
day, night and season. They can be serious because 
upper winds are forecast from the charts of radio- 
sonde observations, and the contour lines of isobaric 
surfaces shown on the charts are, it is recognized, 
sometimes falsified by these differences. The analysis 
in the paper is made by plotting values and drawing 
sections across Europe of mean values of the layer 
thicknesses between fixed pressures for day and night, 
summer and winter. Charts are also drawn for 
standard deviations of the same quantities. The 
cross-sections show discontinuities, and the charts 
tortuous isopleths, which cannot be attributed to 
orographic effects and are clearly due to the different 
types of radiosonde. Differences of the order of 1-5 
per cent of the true height exist. The design of radio- 
sondes, instruments in which the desirable qualities 
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of light weight and low cost are against accuracy, is 
very difficult. Further investigations being carried 
out by the World Meteorological Organization will, it 
is hoped, lead to greater uniformity. 


High-Voltage Impulse Testing 

Tue striking of overhead electric power trans- 
mission lines by lightning can give rise to impulse 
voltages far greater than power frequency over- 
voltages, to which the insulation of equipment 
associated with the overhead lines is subjected. It 
is therefore most important to include impulse testing 
in the testing of high-voltage equipment. This is 
emphasized in “High Voltage Impulse Testing” 
(National Physical Laboratory. Notes on Applied 
Science No. 17. Pp. iv+10. (London: H.M. 
Stationery Office, 1956.) 1s. 6d. net), where it is 
pointed out that a great deal of experience in such 
techniques has been gained during the past twenty 
years. In this booklet the effects of lightning strokes 
on ‘transmission systems are briefly described, and 
the production of test impulses in the laboratory, 
the creation of standard wave shapes and the methods 
of testing insulators, protective gaps, cables, trans- 
formers and capacitors are described. 


Optical Design with Digital Computers 

Some ten years ago, when digital computers of 
the modern kind were first being designed, it was 
foreseen that they would have an important part to 
play in such subjects as the design of optical systems. 
For @ variety of reasons, people were more anxious 
to exploit the earlier machines in basic scientific 
research ; but the success of the symposium on 


optical design with digital computers held at the 
Imperial College of Science and Technology during 


June 5-7, 1956, is an illustration of the degree of 
attention now being given to this subject in optical 
departments and firms. The report of the symposium 
(Proceedings of a Symposium on Optical Design with 
Digital Computers. Pp. viii+93. London: Imperial 
College, 1956. 10s.) contains fairly detailed sum- 
maries of the papers presented and of the discussions 
which took place. It will be of interest primarily to 
those engaged in optical design. The symposium 
opened with introductory lectures on methods of 
optical design and on digital computers. Later, 
lectures were given on ray tracing, first-order design of 
optical systems, and on problems associated with the 
assessment of image quality and the gencral per- 
formance of lenses. 


Theoretical and Applied Mechanics in India 

Tue Proceedings of the first Congress of Theoretical 
and Applied Mechanics organized by the Indian 
Society of Theoretical and Applied Mechanics (which 
was held during November 1-2, 1955, and not 1956, 
as stated on the title page) cover five sections, of 
which the first was devoted to elasticity, plasticity, 
rheology ; the second to fluid mechanics ; the third 
to the mechanics of solids; the fourth to statistical 
mechanics, thermodynamics and heat transfer; and 
the fifth to mathematics of physics, statistics and 
computation. The organizing secretary, both for the 
first Congress in 1955 and the second, which was held 
during October 1956, was Prof. B. R. Seth, of 
Kharagpur. Among the many interesting papers 
contained in the Proceedings of the first Congress 
there is one by V. M. Ghatage on ring aerofoils and 
their possible use, which is mentioned here in case it 
may not come to the notice of aeronautical engineers. 
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The volume is well printed and will, we hope, be the 
forerunner of a number of volumes containing the 
Proceedings of later Congresses at Kharagpur. 


Postgraduate Grants 

FurRTHER details of the revised arrangements for 
postgraduate studentships in science and technology, 
first announced in November 1956, are given in a 
new edition of ‘““Notes on D.S.I.R. Grants for Graduate 
Students and Research Workers” (pp. 20. London : 
H.M. Stationery Office, 1957. 1s. 3d. net). Provided 
suitable candidates are forthcoming, the Departmen: 
will award in 1957 about 700 research studentship. 
(formerly known as maintenance allowances) and 
about 200 advanced course studentships, a new typ: 
of award. The values of the studentships will var) 
with circumstances: a student at Oxford or Cam 
bridge, living in college, hostel or lodgings, may 
receive up to £380 a year in addition to his fees; a 
student outside London, living with his parents, may 
receive up to £245 a year and his fees. Some other 
expenses are also paid. Details are also given of the 
Department’s grants for special researches and for 
research fellowships, both of which have been 
extended in scope. 


The Anaplasmas, Babesias and Toxoplasma 

THE Section of Biology of the New York Academy 
of Sciences held a conference in November 1955 on 
some protozoal diseases of man and animals, in- 
cluding diseases caused by Protozoa belonging to the 
genera Anaplasma, Babesia and Toxoplasma, and 
these papers are now published (Ann. New York 
Acad. Sci., 64, 25-277; 1956). Part 1 deals with 
anaplasmosis, and consists of papers by H. Schmidt 
on the manifestations and diagnosis of anaplasmosis, 
by D. W. Gates and T. O. Roby on the status of the 
complement-fixation test used for its diagnosis, by 
P. L. Pierey on its transmission and by J. G. Miller 
on its prevention and treatment. 

Part 2 deals with the babesias and opens with a 
valuable paper by W. O. Nietz on the classification, 
transmission and biology of the piroplasmas (babesias) 
of domesticated animals, an intricate subject which 
is here dealt with by an author who has had wide 
practical experience in South Africa. J. Carmichael, 
formerly of the British Colonial Veterinary Service in 
Uganda, contributes an equally valuable article on 
treatment and control, and W. D. Malherbe deals 
with the diagnosis of these diseases. Sophie Jakowska 
and R. F. Nigrelli describe Babesiosoma and other 
babesioid organisms found in the red blood cells of 
cold-blooded vertebrates. F. 8S. Markham contributes 
a brief introduction to Part 3 on toxoplasmosis, 
L. Jacobs describes the propagation, morphology 
and biology of T'oxoplasma gondii, and H. A. Feldman 
and Louise T. Miller discuss congenital toxoplasmosis 
in man. A valuable paper by J. Chr. Siim, of the 
State Serum Institute, Copenhagen, deals with the 
symptoms, diagnosis, epidemiology and other aspects 
of acquired infection of the lymph nodes with 
Toxoplasma (Toxoplasmosis Acquisita Lymphono- 
dosa). This section is completed by papers by H. F. 
Eichenwald on the difficult laboratory diagnosis of 
toxoplasmosis, by J. K. Frenkel on its pathogenesis 
and on infections with organisms resembling it, by 
D. E. Eyles on recent knowledge of its chemotherapy, 
by W. L. Jellison on the nomenclature of Besnoitia 
besnoiti, and by W. L. Jellison, W. J. Fullerton and 
Hazel Parker on the transmission of B. besnoiti by 
ingestion. 
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Historical American Documents 

A NUMBER of studies of historical documents in the 
library of the American Philosophical Society is con- 
tained in @ recent publication (Proc. Amer. Phil. 
Soc., 100, No. 6; 1956). It includes one by Whitfield 
J. Bell, jun., entitled “‘All Clear Sunshine”, describing 
some unpublished correspondence between Benjamin 
Franklin and Mary Stevenson Hewson, acquired by 
the Society by gift and purchase in March 1956. 
About half these letters are addressed to Franklin 
and they will be published in the forthcoming edition 
of “The Papers of Benjamin Franklin’, sponsored 
by the Society and Yale University. A second study, 
by I. B. Cohen, discusses some problems in relation 
to the dates of Benjamin Franklin’s first letters on 
electricity. Prof. T. D. Cope describes the running 
of @ meridian line northward up the Delmarva 
peninsula beginning on December 11, 1760, and con- 
tinuing with interruptions from the weather until it 
was completed on November 2, 1761. 


The Chemical Society 

Tue following are those holding office in the 
Chemical Society, including those recently elected to 
office: President, Prof. E. L. Hirst ; Vice-Presidents 
who have filled the office of President, Sir Ian Heil- 
bron, Sir Cyril Hinshelwood, Prof. C. K. Ingold, Dr. 
W. H. Mills, Sir Erie Rideal and Prof. W. Wardlaw ; 
Vice-Presidents, Prof. Wilson Baker, Prof. R. D. 
Haworth, Prof. E. D, Hughes, Prof. M. Stacey, Dr. 
L. E. Sutton and Sir Alexander Todd; Honorary 
Treasurer, M. W. Perrin ; Honorary Secretaries, Prof. 
F. Bergel, Dr. J. Chatt and Prof. M. J. 8. Dewar. 


Radioisotopes in Scientific Research 


An International Conference on Radioisotopes in 
Scientific Research has been convened by Unesco 
and will be held in Paris during September 9-20. 
Participants will include those nominated by govern- 
ments ; representatives of the United Nations or its 
specialized agencies ; representatives of international 
scientific organizations; and persons participating 
in an individual capacity, or on behalf of scientific or 
industrial bodies. ‘The purpose of the Conference, 
which will be strictly scientific in character, will be 
the exposition and discussion of new ideas or methods 
for the utilization of radioisotopes in_ scientific 
research, Plenary sessions are to be devoted to new 
developments in measuring techniques and significant 
developments in the production of radioisotopes. 
The remainder of the work of the Conference will 
take place in two main sections, dealing with the 
physical and biological sciences. Further details can 
be obtained from the United Kingdom National 
Commission for Unesco, Ministry of Education, 
Curzon Street, London, W.1. Participants are asked 
to submit titles and 250-word summaries of their 
papers by May 1, and the complete texts of the 
papers by July 1. Proceedings of the Conference will 
be published by Unesco in due course. 


The Union Observatory, Johannesburg, 1953-55 


THe Annual Reports of the Union Observatory, 
Johannesburg, for each of the three years 1953-55 
follow similar lines, and it will be sufficient to notice 
outstanding events during the period. The 26}-in. 
refractor was used with the interferometer by. Dr. 
W. 8. Finsen for the measurement of known double 
stars and a search for new pairs, and Dr. W. H. 
van den Bos and Mr. J. Churms have also taken 
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part in the first. portion of that programme. With 
the Franklin—Adams telescope, plates were obtained 
by Messrs. E. L. Johnson, J. A. Bruwer and J. Churms 
of minor planets, comets, variable stars and a 
‘miscellaneous’ collection ;: as this telescope was badly 
handicapped by increasing city lights and smoke, it 
was dismantled in August 1954 and transferred to 
the Observatory Annexe at Hartbeespoort, where, 
as is pointed out in the Report for 1955, it continued 
with this work with the advantage of a dark night sky. 
With the 9-in. and 6-in. refractors, occultations of 
stars by the Moon were observed by Bruwer and 
Churms, and in addition, by amateur astronomers 
who are members of the Astronomical Society of 
South Africa (Transvaal Branch); the latter also 
used the 9-in. refractor for the observations of 
planets and variable stars, and rendered valuable 
assistance to the staff on visiting evenings. In 1953, 
the occultation of Antares and its companion on 
March 7 was successfully recorded photoelectrically 
by a team of observers who used the Leyden telescope, 
and in the same year the transit of Mercury on 
November 14 was observed with three telescopes 
by Messrs. Finsen, Bruwer, P. C. Seligmann and 
J. Churms. 

With the 3-in. refractor counts of sunspots. were 
made, and results were obtained on 288, 308 and 
265 days, respectively, in each of the years under 
consideration. The results were communicated daily 
to the Telecommunications Research Laboratory of 
the South African Council for Scientific and Industrial 
Research, and monthly to the Magnetic Observatory 
at Hermanus and the Receiving Station of the South 
African Broadcasting Corporation at Panorama. 
Other matters dealt with are publications, public 
services and staff; the second of these includes the 
time service, which is under the general supervision 
of Dr. Finsen with Mr. J. Hers in charge, assisted by 
Messrs, Seligmann, Bruwer and Churms. One interest- 
ing matter may be mentioned in conclusion: on 
April 1, 1953, the Observatory celebrated its golden 
jubilee by holding an open day, and about 4,000 
visitors were conducted over the buildings. 


The Night Sky in May 

Futt Moon occurs on May 13d. 22h. 34m. v.7., 
and new Moon on May 29d. 1lh. 39m. The following 
conjunctions with the Moon take place: May 3d. 
18h., Mars 5° N.; May 9d. 19h., Jupiter 6° N.; 
May 15d. 09h., Saturn 0-2° S. In addition to these 
conjunctions with the Moon, Venus is in conjunction 
with Aldebaran on May 21d. 15h., Venus being 5-7° 
N. There will be a total eclipse of the Moon on May 
13-14, visible at Greenwich. The Moon enters 
penumbra at 19h. 42m. and umbra at 20h. 45m. ; 
totality begins at 21h. 52m. and ends at 23h. 10m. ; 
the Moon leaves umbra at 00h. 17m. and penumbra 
at Olh. 20m. Mercury is too close to the Sun for 
normal observation. Inferior conjunction occurs on 
May 6, and on that date there will be a transit of 
Mercury across the Sun’s disk. This rare phenomenon 
will unfortunately be invisible at Greenwich. -Venus 
is now an evening star, but is still too close to the 
Sun for easy observation, setting about an hour after 
the Sun at the end of the month. Mars sets at 23h. 
35m., 23h. 20m. and 22h. 50m. on May 1, 15 and 31, 
respectively ; its stellar magnitude is about + 1-9, 
and its distance in the middle of the month‘is 208 
million miles. Mars enters Gemini on May 3, and. is 
near § Geminorum at the end of the month. Jupiter 
sets at 3h. 20m., 2h. 20m. and lh. 20m. at the 
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beginning, middle and end of the month, respectively ; 
it is in Leo, being stationary on May 20 and sub- 
sequently moving eastwards among the stars. The 
stellar magnitude of Jupiter is — 1-8, and its dis- 
tance from the Earth in the middle of the month is 
455 million miles. Saturn rises at 22h. 05m., 2th. 
05m. and 19h. 55m. on May 1, 15 and 31, respectively, 
and is retrograding in Ophiuchus ; its stellar mag- 
nitude is + 0-3, its distance from the Earth on 
May 15 being 840 million miles. There is one 
occultation of a star brighter than magnitude 6, 
observation being made at Greenwich: May 15d. 
23h. 49-0m., & Oph. (R); R refers to reappearance. 
Comet Arend-Roland is visible throughout the night 
as a circumpolar object ; its declination varies from 
+57° to +63° in the course of the month. It is 
expected to fade from magnitude 2 at the beginning 
of May to fainter than magnitude 6 by the end of 
the month. 


Announcements 


Sir Harotp Hart ey has been elected president 
of the Society of Instrument Technology in suc- 
cession to Mr. A. J. Young. 


Mr. J. E. C. Barmy, chairman and managing 
director of Baird and Tatlock (London), Ltd., has 
been elected chairman of the British Scientific 
Instrument Research Association, his term of office 
to extend until July 1960. Mr. Bailey has for many 
years been prominent in the instrument imdustry 
both in his connexions with the British Scientific 
Instrument Research Association and the Scientific 
Instrument Manufacturers’ Association, and more 
recently by his election as senior warden of the newly 
formed Company of Scientific Instrument Manu- 
facturers. 


Dr. D. C. MacPHart has been appointed as director 
of the Division of Mechanical Engineering of the 
National Research Council of Canada. Dr. MacPhail, 
who worked at the Royal Aircraft Establishment at 
Farnborough during the Second World War, has 
been assistant director of this Division for the past 
eight years, and replaces Mr. J. H. Parkin, who is 
retiring from the office of director, but who will 
continue to act as a consultant to the Division. 


Lorp Mitts, Minister of Power, is to perform the 
opening ceremony for the new laboratories of the 
Safety in Mines Research Establishment in Broad 
Lane, Sheffield, on April 25, at 2.30 p.m. 

THE Right Hon. Hugh Molson, Minister of Works, 
will open three new buildings at the Research and 
Development Station of the Cement and Concrete 
Association at Wexham Springs, Stoke Poges, 
Buckinghamshire, on May 1. The three buildings are a 
chemistry and physics laboratory, a demonstration 
hall and a new building to house the training 
centre, hostel, canteen and printing department. 


THE B.B.C. is to hold an open day at two of its 
transmitting stations on April 27, when the new 
television station at the Crystal Palace and the high- 
power sound broadcasting station at Droitwich, 
which includes the long-wave Light Programme and 
the Midland Home Service transmitters, will be on 
view to the public from 10 a.m. to 8 p.m. No tickets 
of admittance will be required. 

Aw international symposium on ‘Macromolecular 
Chemistry”, arranged by the International Union of 
Pure and Applied Chemistry, will be held in Prague 
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during September 9-15. Further details may be 
obtained from the Secretariat, 5, Technicka, Prague 6. 


An international conference on prestressed con- 
crete, organized by the University of California in 
co-operation with the Fédération Internationale de la 
Précontrainte and the Prestressed Concrete Institute 
of America, is to be held in San Francisco during 
July 29-August 2. Further details may be obtained 
from the Department of Conferences, University of 
California, Berkeley 4, California, U.S.A. 


THE annual course in tropical hygiene for laymen 
will be held by the Ross Institute this year during 
July 15-19. The course, for which there is no fee, is 
intended for those whose work in the tropics makes 
them responsible for the health and welfare of others. 
Further information can be obtained from th 
organizing secretary, L. G. Ponsford, Ross Institute 
of Tropical Hygiene, London School of Hygiene and 
Tropical Medicine, Keppel Street (Gower Street), 
London, W.C.1. i 

THe next Nuclear Physics Conference of the 
Physical Society will be held during July 17-18 in 
the Physical Laboratories of the University of Man- 
chester. It will be organized by Prof. S. Devons. 
There will probably be five sessions, on static nuclear 
properties, nuclear dynamics, nuclear forces, meson 
physics and beta decay. Anyone wishing to con- 
tribute a paper to this meeting should write to Dr. 
J. M. Calvert, Physical Laboratories, The University, 
Manchester 13. 


THe National Academy of Sciences—National 
Research Council’s Division of Anthropology and 
Psychology has announced that, at the request of 
the United States Air Force Air Research and 


Development Command, a two-day International 
Symposium on “Military Psychology” will be held 
in Brussels at the Palais des Beaux Arts on July 26 
and 27, immediately prior to the opening of the 


fifteenth International Congress of Psychology. The 
programme is being planned by an international 
committee under the chairmanship of Prof. F. A. 
Geldard of the University of Virginia, who will serve 
also as general chairman of the Symposium. The 
programme will consist of papers on military psy- 
chological research topics by psychologists from 
several Western European countries, the United 
Kingdom, and the United States. The Symposium 
will be open to the public. 


THe eleventh General Assembly of the Inter- 
national Union of Geodesy and Geophysics is to 
be held at Toronto during September 3-14. The 
main topic will be the International Geophysical 
Year, which is to begin in July. The meetings will 
be held at the University of Toronto, with head- 
quarters at Hart House. In charge of arrangements 
is Prof. J. T. Wilson, head of the Geophysics Labor- 
atory of the University, who is also vice-president of 
the Union, and to whom all inquiries should be 
addressed. Subjects to be discussed include: the 
age of the Earth ; polar wandering ; climatic cycles ; 
measuring distances between continents by radar ; 
the origin of cosmic rays ; sun-spots and solar flares ; 
atmospheric jet streams; the true shape of the 
Earth ; magnetic storms and radio communications ; 
rocket exploration of the upper atmosphere ; aururas ; 
glaciers ; the cause of airglow ; the Karth’s interior ; 
deep ocean currents ; artificial satellites ; and methods 
of geophysical prospecting. 
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RAYS, RODS 


HE Royal Netherlands Academy of Science has 

recently published a report* which reveals a 
curious state of affairs. In 1920 a German, Freiherr 
von Pohl, propounded the theory that certain rays 
emanate from the Earth which are injurious to the 
health of man, of most animals, and of plants. He 
followed this with the publication of a book in 1932 
entitled ‘“‘Earth Rays as the Causes of Disease’, in 
which the use of the divining rod is recommended for 
detecting the presence of such rays. Credence was 
given to his theory by an astonishing number of 
people, particularly in Germany, Switzerland and the 
Netherlands, although neither von Pohl nor his later 
followers ever gave any proof of the existence or 
nature of such rays. 

Spread of the belief, however, gave scope for the 
activities of large numbers of diviners, professional 
and otherwise. They appeared mostly to act in good 
faith, although one feels that the lady who claimed 
for her divining rod the ability not only to detect the 
presence of earth rays, but also to extract them from 
the ground and deposit them in a ditch or rubbish 
heap, all for the payment of £13 per acre, was making 
rather a good thing out of her neighbours’ troubles. 
‘The next development was that ingenious persons 
devised apparatus claiming to protect men, animals 
and plants from the evil effects of the rays. The rays 
themselves being purely hypothetical, the construc- 
tion of the apparatus was necessarily ‘intuitive’, and 
many different types have therefore been put on the 
market at prices ranging from 100 to 500 florins (£9 
to £45), being as high in some cases as 1,200 florins 
(£108). For the most part they are wooden boxes, 
with amazingly variable contents. Purchasers are 
advised not to open the boxes for fear of impairing 
their efficacy, and those who have had the courage 
to ignore this advice have found (in a Swiss example) 
a small bottle of ink, in another case a piece of lead 
nailed to the bottom of the box, in yet another some 
salad oil, in several cases little metal wheels and 
plates or spools of wire flex and switches to give an 
impression of dealing with magnetism or electricity. 
Some apparatus is provided with a compass, the 
needle of which must point in a certain direction. It 
has been known for apparatus of this kind to be 
patented, but not in the Netherlands, where thorough 
testing has to precede the granting of a patent. The 
apparatus containing simply a piece of lead had been 
supplied as a cure for rheumatism, and was later the 
subject of a court action. 

In the Netherlands, agriculture was at first un- 
affected by von Pohl’s theory, until about ten years 
ago intensive propaganda on the part of the diviners 
proclaimed the efficiency of the protective boxes for 
controlling animal and plant disease. The propaganda 
was so successful, especially in Friesland and the 
horticultural region of South Holland, that uneasi- 
ness was felt in scientific circles, and in 1948 the 
Royal Netherlands Academy of Science appointed a 
commission to investigate the whole problem under 
the chairmanship of Dr. J. Clay, at that time pro- 
fessor of natural philosophy in the University of 
Amsterdam. The commission created first a group to 

* Koninklijke Nederlandse Akademie van Wetenschappen. Onder- 
zoek naar de os der wichelroede voor de landbouw. Verslag 
van de Werkgroep voor Landbouwkundig Onderzoek inzake het 


Wichelroedeprobleem. Pp. 164, bibl. in text, illus., German summary, 
pp. 155-64 (Amsterdam, 1955). 
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deal with the physical aspects of the problem, and 
then, in 1952, a second working group to deal with 
agricultural aspects. The chairman of the agricultural 
group was Dr. A. J. P. Oort, professor of plant 
pathology in the Agricultural University, Wagen- 
ingen, and the secretary was Dr. C. K. van Daalen, 
formerly inspector of agricultural research, Bilt- 
hoven. Other members were Dr. J. van der Grift, 
physiologist, Hoorn; Ir. 8. F. Kuipers, advisory 
officer for soils and fertilizers, Wageningen; Dr. 
F. W. G. Pijls, horticultural advisory officer for soils, 
Wageningen; and Dr. D. A. Vries, of the Physics 
Laboratory, Agricultural University, Wageningen. 
A third working group was appointed under the 
leadership of Dr. F. A. Heyn at Delft to study psychic 
aspects of the problem. The three groups worked 
independently of each other, but arrived at the same 
conclusions. The report described here is that of the 
agricultural group, whose terms of reference were to 
determine (a) whether ‘earth rays’ exercise an un- 
favourable influence upon health, growth and pro- 
ductivity in animals and plants, and (b) whether these 
evils can be controlled by the use of ‘protective 
apparatus’. 

investigations were made with the aid of twelve 
diviners, most of them professionals, who, in detecting 
earth ray courses or spots, also indicated whether 
they considered the irradiation to be faint, moderate, 
fairly strong, strong, or very strong. Even faint 
irradiation was considered to be injurious. The 
investigations, of which a full account is given, were 
made in various parts of the Netherlands and were 
concerned with the stabling of cattle and horses ; 
with disease in cattle and horses ; with productivity 
in honey bees; with plant disease, namely, potato 
wilt, beet disease caused by Heterodera schachtii, 
flax burn; pea disease caused by Fusarium oxy- 
sporum pisi; potato leaf roll and disease caused by 
Phytophthora ; and Botrytis on flax; with weed 
control ; with the control of supposedly irradiated spots 
in pastures for horses ; and with the quality of silage. 

In all these investigations it was found that there 
was absolutely no agreement between the findings 
of the different diviners examining one and the same 
object ; nor was there any agreement between the 
findings of any one diviner who repeated his exam- 
ination of an object. Totally different courses or 
spots were indicated. Again, there was no connexion 
between the indications of the diviners, jointly or 
individually, with the disease occurring in animals or 
plants. The protective apparatus tested had no 
effect on the development, health and productivity 
of the animals and plants observed: disease was 
neither removed nor diminished. Although the 
existence or otherwise of ‘earth rays’ was not included 
in the group’s terms of reference, its members have 
felt bound to point out that the results of their 
investigations are in direct conflict with von Pohl’s 
‘earth ray’ theory. There is no value whatever in 
the examination by diviners of places for the rearing 
of animals or the growing of plants, nor is there any 
in the use of the so-called protective apparatus. 

The report includes interesting chapters on the 
part played in divining by suggestion and auto- 
suggestion, and on findings from other countries 
which confirm the authors’ conclusions. 

G. M. ROSEVEARE 





854 


EDUCATION AND TRAINING 
OF SPECTROSCOPISTS 


'HE great interest, long overdue, which is now 

being demonstrated by scientists in their own 
education, was reflected at a well-supported combined 
meeting, on February 15, of the Industrial Spec- 
troscopy and the Education Groups of the Institute 
of Physics on the “Education and Training of 
Spectroscopists”. Speakers were drawn from various 
branches of spectroscopy and were representative of 
the universities, technical colleges, research institu- 
tions and industry. 

In his opening remarks Dr. A. C. G. Menzies 
(chairman of the Industrial Spectroscopy Group) 
referred to his own experiences both as university 
teacher and industrialist, but based his remarks 
mainly on the recent Stationery Office publication on 
“Scientific and Engineering Man-Power in Great 
Britain”. He believes that the shortage of scientific 
man-power is still under-estimated; insufficient 
weight has been given to the increasing modernization 
of many of the smaller industrial concerns, which is 
causing the demand for scientists to increase at a 
faster rate. Even so, he considered that main- 
tenance of high standards is just as necessary as the 
production of greater numbers. 

Dr. H. Powell (B-P Research Station) deplored the 
general attitude, apparent in applicants for posts, 
of neglect and even disparagement of analytical 
work in academic circles. ‘Lhe requirements of the 
two main branches of spectroscopy are somewhat 
different. Whereas in molecular spectroscopy the 
technique is relatively simple, although interpretation 
of results requires a man of good graduate status, 
emission technique is difficult and requires well- 
trained and experienced staff to carry out experi- 
mental work in addition to graduate supervisory 
staff. He considered that more spectroscopy could 
be included in university degree courses, and made 
suggestions as to how this could be achieved with 
the minimum expenditure of time and money. 
Suitable instruments could be constructed and tested 
as part of an honours physics course and then be 
transferred to the chemistry department for applica- 
tion in, for example, the identification of molecular 
structure and quantitative spectrochemical analysis. 
Also, technical colleges could organize more part-time 
courses on spectroscopy for non-graduate staff. 
Consideration might also be given by universities and 
colleges to invitmg experts from industry to give 
special lectures to final-year students. Dr. Powell 
then discussed the selection and training of staff in 
his own establishment and emphasized the value of 
commissioning reports on new equipment in the 
practical traming of new entrants. 

Dr. G. H. Beaven (National Institute for Medical 
Research) considered that the great value of applied 
molecular spectroscopy in the solution of complex 
analytical problems and its largely empirical use in 
diagnosis of molecular structure should not be 
allowed to obscure the fact that these applications 
are based on a highly-developed fundamental theory. 
The prime function of university training in mole- 
cular spectroscopy must therefore be to provide 
students with authoritative instruction in the 
fundamentals rather than applications of specific 
instruments. Frequent suggestions that university 
courses should be broadened, particularly in cultural 
and technological content, have been made and 
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extreme examples can be found in the discussion a‘ 
the conference held by the Royal Institute of Chem 
istry on “The Training and Education of Chemists’ 
(J. Roy. Inst. ay 80, 493; 1956). Even after 
tactful editing, the report on the discussion (Nature. 
179, 78; 1957) makes it evident that some industrial 
ists would prefer university science teaching to be 
concentrated on technology rather than on funda 
mentals, for which they claim there is little use in 
industry. Fortunately, however, this attitude is 
off-set by the opinion of more far-seeing employers 
that the universities are supplying graduates well 
able to apply their education to the solution of 
problems in science and technology. Dr. Beaven 
concluded by referring to postgraduate training and 
agreed with Dr. Powell that part-time or summer- 
study courses would be invaluable, and especially 
the postgraduate courses proposed by Prof. P. M. 8 
Blackett (Bull. Inst. Phys., 8 (3), 86; 1957). 

The point of view of the university teacher was put 
by Mr. W. R. 8. Garton (Imperial College, London), 
who supported. and amplified comments by Dr. 
Beaven on the necessity for concentration on 
fundamentals in academic training. Spectroscopists 
engaged, for example, in analytical work, recognize 
the importance of this when considering prospects 
of the extension of methods, particularly in the field 
of electrical discharge phenomena. In a good degree 
course in physics @ man who ultimately took up 
analytical work would automatically become weil 
versed in these respects. With regard to Dr. Powell’s 
remarks he thought it was interesting that at the 
Imperial College, the second-year physics students 
supplement a course of twelve lectures in atomic 
spectra by a laboratory course of some twenty-four 
hours work in which, apart from photography and 
analysis of anumber of series spectra, they obtain mani- 
pulative experience by setting up and adjusting a spec- 
trograph and by measuring high-resolution plates, etc. 

Mr. A. 8. Nickelson (U.K. Atomic Energy Authority, 
Research Group), while agreeing with most of the 
opinions expressed by previous speakers on the 
training of graduates, felt that some serious con- 
sideration should be given to the training of non- 
graduate assistants—‘‘the men and girls who do all 
the work’”—for, ultimately, the success of a spec- 
troscopic unit was a measure of the quality of the 
personnel and of the leadership given to them. Their 
usefulness and eventual progress must depend on a 
wise scheme of training by the senior staff, as very 
few new entrants could be expected to have any 
real practical knowledge of the subject. Mr. Nickelson 
confirmed Dr. Powell’s experiences in interviewing 
applicants for posts and found that most entrants at 
Advanced level standard have only the haziest ideas 
of analytical chemistry and none whatever of spec- 
troscopy. Preliminary training could be obtained in 
some technical colleges, but this would only touch 
on the fringe of the subject. He considered that 
much good could be done by senior spectroscopists 
giving lectures to sixth forms and thus inspiring some 
interest at the grammar-school level. He himself 
had done this and was in no doubt as to the enthu- 
siasm of the response. 

The subject was then opened to general discussion. 
Mr. M. Milbourn (Imperial Chemical Industries, 
Ltd.), in a written communication, deplored the 
ignorance of many experimental spectroscopists on 
simple fundamental ideas, for example, the basis 
of the optical density scale and the reason why 
emission spectra appear as lines. He thought that 
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while first consideration in the training of spectro- 
scopists should be given to fundamentals he strongly 
deprecated any formal course of instruction which 
set out to train people to be spectroscopists only. Their 
education must be such as to give them a measure of 
flexibility consistent with their own capabilities. 

Mr. G. F. Lothian (University of Exeter) con- 
sidered that it was important that the new graduate 
should have acquired a broad and sound knowledge 
of fundamentals with some grounding in experimental 
methods and could not be expected to know much 
spectroscopy at this stage. Practical experience in 
the handling of instruments could be obtained with 
relatively simple apparatus. 

A constructive note was introduced by Mr. E. H. S. 
van Someren (Murex Welding Processes, Ltd.), who 
read to the meeting a paper issued by the Groupement 
pour l’Avancement des Méthodes Spectrographiques 
(G.A.M.S.), which included an appreciation of the 
situation regarding the training of spectroscopists in 
France and details of a training scheme which had 
proved popular and successful. (This will be 
published in Spectrochimica Acta.) 

Prof. W. C. Price (King’s College, London), referring 
to Dr. Powell’s observations, considered that lack 
of knowledge of spectroscopic techniques among 
graduates largely arose from the fact that, in the past, 
few lecturers have had direct experience of these 
methods. This situation could be expected to 
change in the future since the rapid growth of ultra- 
violet and infra-red techniques in academic and 
research laboratories made possible by the avail- 
ability of good reliable commercial instruments has 
meant that a high proportion of teaching staff use 
them in their own researches, and the experience 


thus gained would tend to be passed on to students. 


He disagreed, therefore, with Mr. Lothian and 
considered that the task of bringing the student into 
close familiarity with many physical phenomena 
having fundamental significance (and therefore of 
great educational value) could often be done only 
with relatively complex and expensive equipment. 

Miss J. M. Rooke (Metropolitan-Vickers, Ltd.), on 
the question of the training of non-graduate assistants, 
suggested that a national diploma in spectroscopy, 
or some similar qualification, should be instituted so 
that such staff could, by taking a recognized course 
of training, obtain tangible proof of their knowledge 
of the subject. This suggestion led to some discussion 
as to the availability of suitable training courses, and 
Dr. N. Pentland (vice-chairman, Education Group), of 
Brighton Technical College, directed attention to the 
diploma courses in applied physics now being run by 
some of the major technical colleges. At Brighton 
the full-time and the sandwich course both include 
spectroscopy. He recommended the higher national 
certificate course for more junior workers, as this 
often included spectroscopy, although generally the 
content of such courses is dependent on the require- 
ments of local industry. 

Mr. K. M. Bills (Mond Nickel Co., Ltd.) suggested 
that the essential pre-requisite to securing an 
improvement in the standard of education of spec- 
troscopists was to convince potential workers in this 
field (and their teachers) that the profession is worthy 
of their attention, and this was a task for the spec- 
troscopist himself. This would have the effect of 
improving the standard of workers entering the field. 

Mr. F. W. J. Garton (U.K. Atomic Energy 
Authority, Research Group) appealed for a practical 
outcome for the afternoon’s discussion. He suggested 
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that the committees of the two Groups might meet 
to consider the question further, including a survey 
of current training courses and those which have 
been held in recent years, and if possible to formulate 
a scheme for training which might lead to a suitable 
qualification as suggested by Miss Rooke. This idea 
was generally accepted by the meeting and the first 
meeting of the two committees was arranged to be 
held on April 10. F. W. J. Garton 


ELECTRON MICROSCOPY IN 
ASIA AND OCEANIA 


HE first Regional Conference on Electron 

Microscopy in Asia and Oceania was held in 
Tokyo, Japan, during October 23-27. It was 
0 i under the auspices of the International 
Federation of Electron Microscope Societies, and was 
one of a series of regional conferences in electron 
microscopy planned by the International Federation 
at the time of the International Conference on 
Electron Microscopy in London in July 1954. The 
Tokyo Conference was arranged by the Society of 
Electron-Microscopy, Japan, with support of the 
Science Council of Japan and the Ministry of 
Education. 

The Conference was attended by more than a hun- 
dred Japanese scientists, and by electron microscopists 
from the following countries in Asia and Oceania: 
India, Indonesia, Cambodia, Republic of China (For- 
mosa), and Peoples Republic of China. Several 
countries outside the Asian and Oceanic area were 
also represented. There were six scientists from the 
Soviet Union, five from the United States, and two 
from Germany, including Prof. Ernst Ruska of the 
Fritz-Haber Institute of Max-Planck-Gesellschaft, 
Berlin-Dahlem. Prof. Ruska took a leading part in 
the Conference, officially representing the Inter- 
national Federation of Electron Microscope Societies 
as its president. The Conference met under the 
shadow of the recent sudden death of Prof. von 
Borries, whose life and contributions were com- 
memorated by a moving eulogy presented by his 

upil, friend and collaborator, Prof. Ruska. Prof. 

uska also addressed the Conference on the history 
of the development of electron microscopes, on the 
influence of heating and cooling the specimen in an 
electron beam with respect to contamination of the 
specimen, on new trends in design of electron 
microscopes, on resolution, and on effects of crystal- 
line specimens on an electron beam. 

Fifty-six papers were presented. Since it is not 
appropriate to summarize all, an effort will be made 
to present impressions relating to the status of 
electron microscopy in some of the countries 
represented. 

It was evident that electron microscopy in Japan 
is very vigorous indeed. There are more than 
330 electron microscopes in Japan, most of them of 
Japanese manufacture. There are four companies 
engaged in the design and commercial manufacture 
of electron microscopes in Japan, and an active export 
of their instruments is developing. Two Japanese 
permanent magnet microscopes are on the market, 
for which resolutions of better than 25 A. are claimed. 
Two Japanese manufacturers offer electromagnetic 
microscopes said to be capable of @ resolution of 
10 A. One company has developed a 300 kV. 
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instrument. The availability of good electron 
microscopes is energetically exploited by Japanese 
laboratories in various fields of biology, medicine, 
metallurgy, colloid science, polymer chemistry and 
crystallography. In biology and medicine the 
breadth of fields of interest applying the electron 
microscope is impressive. Active workers using the 
electron microscope are found in departments of 
genetics, anatomy, microbiology, physiology, pathol- 
ogy, internal medicine, orthopedic surgery, dentistry, 
botany, zoology and virology. The vigour and 
enthusiasm and breadth of base manifested in this 
development betokens a bright future for the struc- 
tural biological sciences in Japan. 

The picture of electron microscopy in the Soviet 
Union presented by Mr. V. G. Nyrikov, director of 
the Institute of Electronic Optics, Ministry of Radio- 
technical Industry, U.S.S.R., displayed an active 
development. Mr. Nyrikov stated that electron 
microscopes have been manufactured commercially 
in the Soviet Union since 1946, that about 350 
instruments now exist in that country, and that 
these are of several types. Most models utilize 
low-frequency high-voltage stabilizers and electro- 
magnetic lenses, though two electrostatic models are 
made. Mr. Nyrikov indicated that the resolving 
capabilities of most of the instruments are rather 
modest, and micrographs taken with Soviet instru- 
ments and shown at the Conference were not impres- 
sive from the point of view of quality and resolution. 
However, Mr. Nyrikov indicated that active attention 
is being given in the Soviet Union to design and 

‘ improvement of electron microscopes, and that an 
experimental instrument with a special stabilizer, 
capable of a resolution of 20 A., has been built. 
Various other representatives from the Soviet Union 
presented papers relating to applications of the 
electron microscope to studies in biology and 
ceramics. 

A summary of the current status of electron 
microscopy in the Peoples Republic of China was 
presented by Dr. Li Lin, of the Institute of Metallurgy 
and Ceramics, Academia Sinica, Shanghai. Speaking 
elegant English, Dr. Li explaimed that there are 
very few electron microscopes in China (the number 
recalled is six) and that electron microscopy is in its 
infancy there, since the energies of the country are 
being expended along lines deemed to be more urgent. 
Dr. Li showed some electron microscope studies in 
the field of metallurgy, involving examination of slip 
planes in single crystals of metals induced by shearing 
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forces imposed on the crystals. No biological work 
from China was presented, though several workers in 
biological fields were members of the delegation. 

The reports of work emanating from India were 
impressive for their high quality of microscopy anc - 
scholarly excellence. Yet the Conference was tok! 
that there are very few electron microscopes i: 
India (the figure of two microscopes in India ix 
recalled, though this may be an error). It is evident 
that these few instruments are used with skill an: 
imagination. 

Electron microscopy in Indonesia was presente: 
by Prof. T. G. F. Schoon, of the Foundation for 
Rubber Research and Development at Bogor. 

An eloquent summary of the Conference was 
prepared by Prof. B. Prakash, of the Department of 
Metallurgy, Indian Institute of Science, at Bangalor< 
With a charming Scottish accent, delightful wit, an: 
discerning cultural understanding, Prof. Prakas): 
spoke of the great stimulus the Conference had 
provided, of the cordial hospitality and efficient 
organization of the Japanese hosts, and of the 
magnificent service to international understanding, 
scientific exchange and cultural appreciation, which 
the Conference had rendered. Prof. Prakash state 
that a decision has been made to hold the next 
Regional Conference on Electron Microscopy in Asia 
and Oceania in India four years hence. 

The Proceedings of the Conference are to be 
published in English under the technical auspices of 
the Journal of Electronmicroscopy and the Society of 
Electron Microscopy, Japan. English and Japanes« 
were the official languages. sessions were held 
in Sankei International Conference Hall, which is 
equipped with ear-phones and translating booths 
similar to those used at United Nations meetings. 

For many who were present the international 
scientific contacts established and nourished outside 
the formal sessions were of special importance, and 
many international friendships were cemented and 
fruitful ideas exchanged. Such informal discussions 
between members of the Conference provided occa- 
sions for exchange of thoughts and experiences 
relating to electron microscope design, adjustment 
and technique, and relating to specimen preparation 
and interpretation of micrographs. To biologists 
such conversations were of especial value, in view of 
the revolution in cytological thought now under full 
headway, which receives much of its impetus through 
the medium of electron microscopy. 

H. Stantey BENNETT 
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IS ‘SUPER-REFINEMENT’ LEGITIMATE IN X-RAY CRYSTAL 
ANALYSIS ? 


OF. A. I. KITAJGORODSKIJ has directed 
attention to the importance of considering 


whether refinement beyond the normal Fourier stage 
of X-ray crystal structure analysis has any physical 
significance. As he points out, the legitimacy of the 
refinement process must be examined in the light of 
(a) the accuracy of the observed structure factors ; 
and (b) the ratio of the number of arbitrary para- 
meters (scaling factor, atomic co-ordinates, Debye 


factors, atomic scattering factors, etc.) to the number 
of independent observations used in the analysis. 
He is, of course, correct in pointing out that if the 
values of F, are known with a precision 3, then the 
minimization of R to a value smaller than about 38 is 
devoid of physical significance, and that a procedure 
of minimization in which the number of arbitrary 
parameters may be of the same order of magnitude 
as the number of reflexions is also meaningless. It 
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is also true that, in the past, erystallographers have 
not always been sufficiently careful in making sure of 
the accuracy of their intensity measurements, or in 
estimating or correcting for absorption, extinction 
and dispersion. 

We do not, however, agree with his pessimism 
concerning the limit of accuracy attainable. He 
mentions crystals of 1 mm. thickness and points out 
that absorption and extinction can introduce large 
errors. Indeed they can. But in the majority of cases 
there is no need to use crystals of this large size. In 
recent investigations on anthracene and on the bis- 
cyclic dibenzacridines*, made in University College, 
London, two-dimensional data were collected from 
crystals which were either cylindrical or spherical to 
@ very close approximation, The large majority of 
reflexions (about 90 per cent of those possible using 
copper Ka radiation) were from crystals the maximum 
dimension of which was not more than 0:15 mm. A 
path difference of 10 per cent in such a small crystal 
of a purely organic compound would cause an 
absorption error of less than 0-5 per cent in the 
structure amplitudes. The remaining very weak 
high-order reflexions (about 10 per cent of the total) 
were obtained from crystals having a nearly uniform 
diameter of about 0-5 mm. Even if the structure 
factors so observed were in error by as much as 
10 per cent, however, their inclusion in the Fourier 
series is better than their total neglect, or their 
inclusion only under the heading of ‘less than’ 
values. 

An attempt to establish objectively the probable 
errors in our structure factor amplitudes, as determ- 
ined from visual measurements of photographic 
diffraction intensities, has proceeded as_ follows. 
For any given crystal, the reliability factor R 
between a set of F, and the same set read inde- 
pendently some weeks later was of the order of 
1-5 per cent. Between sets of data from at least 
two different crystals, R was of the order of 3-0— 
3-5 per cent. This figure will undoubtedly vary 
from one substance to another and from one experi- 
menter to another. Counter methods may be expected 
to give the most reliable results. In each structure 
analysis a measure of reproducibility or of internal 
consistency of the F, should be made, in order to 
determine what limit of minimization of the index 
R = =||Fo| — |Fe|| /X |Fo| may be expected. 

Internal consistency, however, is not the only test 
of reliability of experimental results. Experience has 
shown us that whatever experimental data are used, 





Fig. 1. (a) Optical ae of [001] projection of 
of structure — calcula’ 





urea, CO(NH,),, from observed diffraction data at 293° K. 
ted for a structure in which the the atoms are not m moving. 
he thermal vibrations and the false background detail due to ‘termination of series’ errors 
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the refinement of the structure can proceed to an 
R factor only about 2 per cent higher than that of 
the data itself: if the accuracy of the observed 
structure factors is worse than 10 per cent and the 
number of unknown in the structure is 
less than the number of F'», then the refinement will 
not proceed to an R factor lower than about 12 per 
cent. In other words, we claim that the extent to 
which the structure can be refined is a measure of 
the reliability of the experimental observations, pro- 
vided only that there is sufficient over-determiaation 
of parameters; and the higher the degree of. over- 
determination the more certain is this test of relia- 
bility. Allowing for small random errors in the F,, 
an allowance of three times as many observations as 
there are parameters to be determined is usually 
regarded as sufficient. 

Prof. Kitajgorodskij is correct in pointing out that 
experimental accuracy is less easily obtained using 
crystals containing heavy atoms, but with care good 
results can be obtained*. Measurements on several 
crystals of different shapes, corrected for absorption 
and dispersion, can be compared. If extinction is 
present it shows itself in a variability of relative 
intensity for some of the strong and medium-strong 
intensities of low order. Recently**, methods of 
detecting extinction by the use of polarized incident 
radiation have been suggested, and these may lead 
to the application of a first-order correction. 

Prof. Kitajgorodskij’s major challenge, however, 
is in relation to the physical significance of any 
structure analysis that goes beyond a determination 
of the atomic co-ordinates. He claims that the 
maxima of an electron-density series, using only 
those amplitudes the signs of which are independent 
of the choice of f curves, give the co-ordinates of the 
‘centres’ of the atoms, with a precision limited by 
the cut-off and the imprecise knowledge of the F, 
values, and that the structure analysis is then complete. 

We believe that he is wrong, and that this can be 
proved in several different ways. 

(1) Experience has shown us that if the Ff, values 
have an internal consistency of better than 5 per 
cent, but the anisotropies of the atomic vibrations 
and of atomic bonding are ignored, then refinement 
of the structure to better than about 15 per cent is 
impossible. This means that much valuable and 
reliable information is being wasted. <A single least 
squares adjustment of thermal anisotropies, or a 
single refinement based on difference Fouriers, can in 
practice immediately improve the reliability factor. 








(b) Optical synthesis 
(c) Difference synthesis between (a) and (0), showing 
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(2) The electron-density map itself will often show 
directly that thermal vibrations and other anisotropic 
effects do exist and can be measured. In University 
College, London, chemistry undergraduates are given, 
as a practical exercise, the determination of the [001] 
projection of the structure of urea, using visually 
estimated {hk0} intensities and carrying out the 
electron-density projection by an optical synthesis of 
the F, values. The resulting picture shows very 
clearly indeed that at room temperatures the mole- 
cules are oscillating through a small angle about the 
C=O bond (Fig. le). A similar optical synthesis 
using calculated F values corresponding to stationary 
atoms gives contours which are no longer anisotropic 
and diffuse, but the picture shows instead consider- 
able false background detail due to series cut-off 
(Fig. 1b). Fig. lc shows the thermal vibrations as 
revealed by a ‘difference’ synthesis. 

(3) The existence of this molecular libration at 
room temperatures is confirmed by machine refine- 
ment of the electron-density series, which gives the 
vibration ellipsoids of the individual atoms*’. It is 
also confirmed by an independent measurement of 
Debye factors for a number of crystal reflexions, 
using measurements of intensities made at several 
temperatures*. It is confirmed by an examination of 
the diffuse scattering patterns, which show strong 
streaks corresponding to the <110> directions, 
which are directions of maximum atomic move- 
ments; and by the large thermal expansion in the 
[hk0] directions as compared with that along [001]. 
Finally, it is confirmed by the agreement, within 
limits of experimental error, between X-ray and 
neutron diffraction structure refinements (Worsham, 
jun., J. E., Levy, H. A., and Peterson, S. W., private 
communication). 

No doubt the number of substances for which an 
accurate determination of atomic vibration ampli- 
tudes has been made is still very small indeed, and 
crystallographers are to blame for not having always 
realized the importance of exact experimental 
observations ; but there seems no reason why, with 
the increasing use of computer facilities, we should 
not now get the utmost information out of our 
diffraction techniques. 

One final word of warning is perhaps necessary. A 
Fourier technique that ignores the existence of 
thermal vibration effects may not even locate the 
‘centres’ of the atoms accurately. If the atoms are 
moving on an arc—if, for example, they are part of a 
molecule that is oscillating about an axis or a fixed 
point—then the ‘centres’ of the atoms and the maxima 
of the electron-density series will not necessarily 
coincide’*. 

KatTHLEEN LONSDALE 
RonaLtp Mason 
JUDITH GRENVILLE-WELLS 


Department of Chemistry, 
University College, 
London, W.C.1. 
March 5. 


1 Kitajgorodskij, A. I., Nature, 179, 410 (1957). 

? Mason, R., Nature, 179, 465 (1957). 

* Evans, H. T., Tech. Report 58, Lab. for Insul. Research, M.I.T. (1953). 
* Ramaseshan, S.,and Ramachandran, G. N., Acta Cryst., 6, 364 (1953). 
5 Chandrasekhar, 8., Acta Cryst., 9, 954 (1956). 

* Vaughan, P., and Donohue, J., Acta Cryst., 5, 530 (1952). 

? Grenville-Wells, H. J., Acta Cryst., 9, 709 (1956). 

* Gilbert, R. E., and Lonsdale, K., Acta Cryst., 9, 697 (1956). 

° oo ee D. W. J., and Smith, J. A. 8., Nature, 176, 
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In @ recent communication on this subject!, Prof 
A. I. Kitajgorodskij concluded that “attempts ai 
adapting X-ray structure analysis for the purpose of 
determining electron density or of determining th« 
anisotropy of thermal vibrations are without founda. 
tion”’. If Prof. Kitajgorodskij had limited his criticism 
of current trends in X-ray analysis to the suggestion 
that some analyses have been refined further than 
the reliability or extent of the data warranted, h« 
might possibly have found some supporting evidence. 
It is true that errors due to absorption and extinction 
can be important, and there are perhaps recent cases 
where they have been unjustifiably neglected. But 
as Lonsdale, Mason and Grenville-Wells point ou: 
above, experimental data of demonstrably high 
accuracy have been obtained in some cases, and there 
is no reason to doubt that they can be obtained in 
others. The sweeping assertion by Prof. Kitajgorod- 
skij, which denies the possibility of finding anything 
more than the positions of atomic centres, even with 
the best experimental data, can be refuted on many 
grounds; but we think we need only point out 
(a) that the basic principles employed in ‘super- 
refinement’ have been accepted for a generation, and 
(6) that the validity of their application to increasingly 
complex structures can be tested by comparing the 
results with those obtained from entirely different 
experiments, namely, calorimetry, measurements of 
elastic constants, Raman spectroscopy, and nuclear 
magnetic resonance. 

It must be emphasized that the principles employed 
in determining anisotropic thermal motion in com- 
plex crystals are not fundamentally different from 
those first used long ago in the determination of the 
isotropic motions and the electron densities in simple 
cubic erystals; an excellent account of the results 
is given by James*. As is well known, the amplitudes 
of isotropic thermal motion found by X-rays in these 
simple cases are in satisfactory agreement with those 
inferred, through the lattice vibration theory, from 
calorimetric and elastic measurements, while the 
atomic electron densities agree closely with those 
calculated by the self-consistent field method. As 
soon as we turn from cubic crystals to those of lower 
symmetry we find ample evidence, quite independent 
of X-ray diffraction, to show that in some cases at 
least the atoms are definitely not spherically sym- 
metrical ; we have only to recall, for example, the 
facts that the axial ratios of some of the metals which 
crystallize in the hexagonal close-packed arrange- 
ment differ from the ideal value of 1-63 by as much 
as 15 per cent, and that the ratio of their com- 
pressibilities parallel and perpendicular to the 
principal axis may be as high as 8. The inference 
that the thermal motions of the atoms should be 
treated as anisotropic is i le, and it is scarcely 
surprising to find that by introducing anisotropic 
thermal parameters we can bring the calculated 
X-ray intensities into better agreement with those 
observed experimentally than would otherwise be 
possible. The extension of these principles to more 
complex crystal structures is accompanied by the 
introduction of more parameters, but not more in 
proportion than the increase in the number of 
experimental observations, so that in general the 
parameters are still over-determined by a very wide 
margin. Provided that this safeguard remains, and 
the step from (say) potassium chloride to zinc is 
accepted, there is in the extended application of the 
principles to structures of greater and greater com- 


plexity no subsequent point at which it can be said 
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ee ‘illegitimate’ methods have been intro- 
dueed. 

Actually Prof. Kitajgorodskij’s view that the 
determination of the phases and the study of electron 
distributions and thermal motions are two separate 
operations, one legitimate and the other not, is an 
erroneous over-simplification. His references to the 
‘signs’ of the structure factors show that his con- 
siderations are restricted to centrosymmetrical 
crystals. In the general case, the structure factors 
are complex and their phases are infinitely variable 
parameters, which are to be dealt with, in the one 
operation of determining the structure, along with 
the other parameters of the problem. Even the 
study of a centrosymmetrical cubic crystal (caesium 
antimonide)* can show how illusory any general 
attempt to separate phase determination from thermal 
parameter determination must be. 

In conclusion, it is relevant to mention that some 
anisotropic thermal parameters are more liable than 
others to be affected by absorption and extinction 
errors. Roughly speaking, neglect or imperfect cor- 
rection for these errors causes @ systematic error in 
the mean Debye parameter B of the atoms in the 
isotropic case, or systematic errors in the mean 
atomic vibration tensor U in the anisotropic case*. In 
crystals with sufficiently rigid molecules, the atomic 
vibration tensors U" can be analysed® in terms of two 
tensors, T, giving the anisotropic translational 
vibrations of the mass centre of the molecule, and 
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®, giving the anisotropic angular vibrations of the 
molecule about axes through its centre. Systematic 
errors in the mean U would affect T, but it is rather 
difficult to see how they could systematically affect 
®. If Prof. Kitajgorodskij’s conclusions were true, 
one would not expect the calculated values of T and 
® in general to have any obvious connexion with 
physical realities ; nor would it be surprising to find 
cases where the latent roots of w were negative 
(corresponding to the centre of a molecule having a 
greater angular vibration than its periphery). In 
fact® the values found for T and are usually very 
reasonable, and they imply lattice frequencies’? which 
check closely with the spectroscopic and thermo- 
dynamic data’. 

E. G. Cox 

D. W. J. CrulcKSHANK 


Department of Inorganic and 
Structural Chemistry, 
The University, 

Leeds 2. March 7. 


* Nature, 179, 410 (1957). 

* James, R. W., “The Optical Principles of the Diffraction of X-rays” 
(Bell, London, 1948). 

* Jack, K. H., and Wachtel, M. M., Proc. Roy. Soc., A, 239, 46 (1957). 

* Cruickshank, D. W. J., Acta Cryst., 9, 747 (1956). 

* Cruickshank, D. W. J., Acta Cryst., 9, 754 (1956). 

* Cox, E. G., Cruickshank, D. W. J., and Smith, J. A. 8., Nature§175 
766 (1955). Cruickshank, D. Ww. J., Acta Cryst., 9, 915 (1956). 

’ Cruickshank, D. W. J., Acta Cryst, 9, 1005 (1956). 

* Cruickshank, D. W. J., Acta Cryst., 9, 1010 (1956). 


INFECTIVITY OF RIBONUCLEIC ACID FROM EHRLICH ASCITES 
TUMOUR CELLS INFECTED WITH MENGO ENCEPHALITIS 


By Dr. JOHN S. COLTER, HARRIS H. BIRD and Dr. RAYMOND A, BROWN 


Viral and Rickettsial Section, Research Division, American Cyanamid Company, Pearl River, N.Y. 


IERER and Schramm have described a method 

for the isolation of ribonucleic acid from tobacco 
mosaic virus and have presented evidence to show 
that nucleic acid so prepared is itself infectious’. 
Two of us have reported some of the chemical and 
physical properties of ribonucleic acid isolated from 
Ehrlich ascites carcinoma cells by their technique’. 
The present communication presents evidence that 
ribonucleic acid isolated from Ehrlich ascites tumour 
cells infected with Mengo encephalitis virus is 
infectious, and that a ribonucleic acid component, 
rather than residual intact virus particles, is respons- 
ible for this activity. 

The Ehrlich ascites carcinoma was grown in Swiss 
albino mice. On the seventh day of tumour growth, 
0-5 ml. of a 10-* dilution of Mengo virus-infected 
mouse brain homogenate was injected intraperitone- 
ally. ‘The multiplication of this virus in, and its 
powerful oncolytic action on, cells of the Ehrlich 
ascites tumour have been described by Koprowska 
and Koprowski’. 

Ascitic fluids were collected by aspiration from the 
peritoneal cavities of tumour-bearing mice 48-72 hr. 
after virus infection. Cells were sedimented by low- 
speed centrifugation, washed several times in saline, 





and frozen rapidly in a mortar set in an ethanol — 
‘dry ice’ bath. The frozen cells were ground by hand 
to a fine powder and were homogenized in a Waring 
blendor with 0-14 M sodium chloride-0-01 M sodium 
citrate, pH 7-0, to give a 10 per cent (w/v) suspen- 
sion. The suspension was centrifuged at 3,000 rev./ 
min. for 20 min., and the supernatant decanted 
through a fluted Whatman No. 1 filter paper. 
Extracts prepared in this manner were considered to 
be 10-! dilutions of virus, and are here called Mengo 
encephalitis virus preparations. 

Ribonucleic acid was separated from such virus 
preparations by the method of Gierer and Schramm!. 
In brief, this consisted of extracting the virus 
preparation three times by vigorous shaking with an 
equal volume of water-saturated phenol. After each 
extraction, the aqueous phase which contained the 
ribonucleic acid was separated by centrifugation. 
The aqueous phase was freed of phenol by several 
ether extractions, and the ether was blown off by 
bubbling nitrogen gas through the solution. All 
manipulations were carried out at 0-4° C. Ribo- 
nucleic acid solutions so prepared were designated 
as 10-1 dilutions for convenience in comparing the 
relative infectivities of Mengo virus and ribonucleic 
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Table 1. penny id OF MENGO ENCEPHALITIS VIRUS PREPARATIONS 
OF RIBONUCLEIC ACID ISOLATED FROM THEM 
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acid preparations. Infectivity titres, expressed‘ as 
LDs.,; were determined in 10-12 gm. Swiss mice by 
the intracerebral injection of 0-03 ml. of serial ten- 
fold dilutions. 

Protein could not be detected in the ribonucleic 
acid preparations by the biuret reaction or by acid 
hydrolysis followed by paper chromatography for 
amino-acids. The nitrogen/phosphorus ratios? were 
1 -6-1-7. 

Illustrative results regarding the infectivity of 
Mengo virus and of corresponding ribonucleic acid 
preparations are shown in Table 1. It is clear that 
infectious ribonucleic acid can be obtained as a 
matter of routine from Mengo-infected cells, although 
the infectivity of the preparation is of the order of 
0-1 per cent that of the virus suspensions from which 
they are prepared. Gierer and Schramm suggested 
that the low infectivity of tobacco mosaic virus ribo- 
nucleic acid could be caused by low efficiency of the 
mechanism of infection or by the fact that a large 
portion of the nucleic acid is inactivated during 
isolation. These suggestions may well be relevant in 
the present case. 

Mengo virus was identified in the brains of mice 
which died following the intracerebral injection of 
ribonucleic acid suspensions by neutralization tests 
with specific Mengo antiserum (monkey). 

In addition to failure to detect protein contamina- 
tion in the ribonucleic acid preparations, evidence 
indicating that the infectivity was caused by the 
ribonucleic acid and not by contamination with 


COMPARISON OF MENGO ENCEPHALITIS VIRUS AND RIBO- 
NUCLEIC ACID PREPARATIONS 


Table 2. 
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intact virus particles was obtained from the experi- 
ments described below. Results are shown in Table 2. 

Incubation of Mengo virus and ribonucleic acid 
preparations with ribonuclease (10 pygm./ml.) for 
15 min. at 20° C. abolished the infectivity of the 
ribonucleic acid without reducing the infectivity of 
the virus. This was true when the virus was exposed 
to the action of the enzyme at dilutions of 10-' to 10-°. 

The ribonucleic acid, in contrast to the intact virus, 
was extremely labile to heat. Incubation of the two 
preparations at 37° C. for six hours eliminated the 
infectivity of the ribonucleic acid but had no effect 
on the infectivity of the intact virus. As was the 
case with the ribonuclease experiments, this effect 
was seen at virus dilutions of 10-* to 10-*. 

The infectious components of the nucleic acid 
and virus preparations were differentiated by their 
behaviour in 1 M sodium chloride solution. Aliquots 
of each were made 1 M with respect to sodium 
chloride, and were incubated at 0° C. for 12-16 hr., 
after which they were centrifuged at 3,000 rev./min. 
for 20 min. The pellets so obtained were washed once 
or twice in 1 M sodium chloride solution and then 
resuspended in physiological saline to their original 
volumes and their infectivities determined. The 
infectivity of the virus preparations was very sharply 
reduced, whereas that of the ribonucleic acid solutions 
was recovered quantitatively. 

When samples of virus and ribonucleic acid pre- 
parations were centrifuged at 30,000 rev./min. for 
60 min. (‘Spinco’ ultracentrifuge, No. 40 rotor) and 
the supernatants titrated in mice, the infectivity of 
the virus preparation was markedly reduced, whereas 
that of the ribonucleic acid was but slightly affected. 
In the first of two centrifugation experiments 
(Table 2), 10 ml. volumes of virus and of nucleic 
acid preparations were centrifuged and the top 9 ml. 
removed and titrated in mice. In the second, the top 
and ‘middle’ 4 ml. of each preparation were removed 
and their infectivities estimated separately. 

Results of experiments with Mengo antiserum were 
not as clear-cut as those with tobacco mosaic virus 
antiserum reported by Gierer and Schramm. How- 
ever, they did indicate that the infectious components 
of the virus and nucleic acid preparations were not 
identical. Treatment of the ribonucleic acid with 
either Mengo antiserum (monkey) or normal monkey 
serum destroyed its infectivity, whereas the infectivity 
of the virus was reduced by the specific antiserum 
alone. 

To sum up, the infectious component of ribo- 
nucleic acid preparations isolated from Ehrlich 
ascites tumour cells infected with Mengo encephalitis 
virus was destroyed by brief exposure to ribonuclease 
and by incubation at 37° C., was sedimented quantita- 
tively at 1 M sodium chloride concentration, and was 
not sedimented by centrifugation at 30,000 rev./min. 
for 60 min. The intact virus was unaffected by ribo- 
nuclease and by incubation at 37° C., was not sedi- 
mented in 1 M sodium chloride, but was by centri- 
fugation at 30,000 rev./min. for 60 min. The resnlts 
lead us to conclude that the infectivity of ribonucieic 
acid isolated from Ehrlich ascites tumour cells 
infected with Mengo encephalitis virus is due to the 
nucleic acid itself and not to contamination with 
‘native’ virus particles. 

* Gierer, A., and Schramm, G., Nature, 177, 702 (1956). 


2 Colter, J. 8., and Brown, R. A., Science, 124, 1077 (1956). 
® oe ita I., and Koprowski, H., J. Nat, Cancer Inst., 14, 627 


* Reed, L. J., and Muench, H., Amer. J. Hyg., 27, 493 (1938). 
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Rocket Observation of X-Ray Emission 
in a Solar Flare 


From a dozen rocket flights scattered over the past 
seven years, we have obtained measurements of solar 
X-rays and far ultra-violet light that ionize the 
atmosphere above 70 km.?. These experiments 
revealed the emissions of a ‘quiet’ sun, since none of 
the flights chanced to coincide with a solar flare. 
Briefly summarized, the results showed that the sun 
normally radiates sufficient X-ray energy between 
10 A. and 100 A. to account for the H-region (100- 
140 km.). When coronal green- and red-line activity 
was high, X-ray intensities were observed to be corre- 
spondingly high and included wave-lengths shorter 
than 10 A. In the ultra-violet, the most prominent 
emission line observed in the solar spectrum was the 
Lyman a-line of hydrogen at 1216A. This one 
emission line accounted for normal D-region ionization 
between 70 and 90 km. Within this narrow altitude- 
range of the ionosphere occur nearly all the effects 
that come under the heading of ‘sudden ionospheric 
disturbances’ (S8.1.D.). 

During the International Geophysical Year, July 
1957 to December 1958, solar activity will reach the 
maximum of the current eleven-year cycle. An 
elaborate rocket programme has been planned, 


designed specifically to observe solar X-rays and the 
hydrogen Lyman «-line during solar flares. Last 


summer the Naval Research Laboratory tested a 
‘Rockoon’ system for such flare studies. The 
‘Rockoon’ consisted of a 12-ft. long ‘Deacon’ rocket 
suspended from a helium-filled ‘Skyhook’ balloon, 
72 ft. in diameter. One ‘Rockoon’ was launched 
each morning from the deck of U.S.S. Colonial and 
allowed to float at 80,000 ft. over the Pacific Ocean 
about 300 miles off the coast of California. When a 
flare was detected visually or by means of radio fade- 
out, the rocket was fired by radio command from the 
ship. If the day passed without a flare, the rocket 
had to be fired before night. Each rocket contained 
detectors sensitive to solar radiation in three wave- 
length bands: a narrow band centred at the hydro- 
gen Lyman «-line (1216 A.); ‘soft’ X-rays, 1-8 A. ; 
and ‘hard’ X-rays, 0-05-1 A. 

Ten ‘Rockoons’ were launched over a period of 
eleven days during which there were observed a 
Class 1 flare and two Class 2 flares. Both the larger 
flares produced fadeouts, but unfortunately they 
occurred on the one day out of eleven on which no 
launching was made in the morning. Successful 
measurements were made of the Class 1 flare, which 
took place on July 20, 1956, yielding a surprisingly 
high intensity of X-rays. Peak altitude of the flight 
was 100 km. ‘The hydrogen Lyman a-line was 
observed above 67 km., X-rays above 75 km. The 
shortest wave-length in the X-ray spectrum was 
about 3 A. and the flux measured by the soft X-ray 
photon counter was 5 x 10-* erg cm.-* sec.-1. 

The flare was too small to produce a detectable 
radio fadeout aboard ship, and we would have missed 
it if not for the assistance of the High Altitude 
Observatory at Climax, Colorado. R. Hansen, at 
Climax, observed the beginning of the flare between 
19.05 arid 19.07 v.T. on July 20, 1956, and immediately 
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transmitted the information via radio to Colonial. 
At 19.15 Ha was still considerably brighter than pre- 
flare Ha, but its strength was declining. At 19.20 
there were still signs of a flare in progress, and 
shortly afterwards all evidence of a flare had dis- 
appeared. 

Our rocket reached its peak at 19.18, and for plus 
and minus one minute of this time it was high enough 
to measure the hydrogen Lyman «-line and X-rays. 
Obviously the measurements beginning about ten 
minutes after detection of the flare were too late to 
see the flash phase. The maximum Lyman e-line 
flux was 6-2 ergs cm.-* sec.-!, not significantly 
different from its value on the preceding day. The 
X-ray flux, however, was the first ever obtained at 
such short wave-lengths and at such a low level of 
the ionosphere. 

Although the flare, in the opinion of observers at 
Climax, was a minor one, something between Class 1 
and a ‘sub-flare’, the observed 5 x 10-* erg of X-ray 
intensity would have been sufficient to double 
approximately the normal electron density of the 
D-region between 75 and 95 km. 

The development of a flare is best seen from the 
ground in the light of the H. line. From the observa- 
tion of the visible line it is possible to infer the 
presence of the hydrogen Lyman «-line and to con- 
clude that its intensity flashes in the same fashion 
as Ha during a flare. Coupled with the knowledge 
that the hydrogen Lyman «-line is known to produce 
the normal D-region, the evidence seemed to point 
to the hydrogen Lyman a-line during flares as the 
source of extra ionization leading to ‘sudden iono- 
spheric disturbances’. The hydrogen Lyman «-line 
theory of sudden ionospheric disturbances exhibits 
many weaknesses, however, when these phenomena 
are examined closely. The discovery of X-rays with 
absorption coefficient comparable to the hydrogen 
Lyman a-line in the flare process now offers a simple 
way out of most of these difficulties. 

Among the sudden ionospheric disturbance phe- 
nomena that are produced by solar flares are short- 
wave radio fadeout, sudden enhancement of atmo- 
spherics, and sudden phase anomaly. The short- 
wave radio fadeout or Mégel—Dellinger effect begins 
suddenly during the flash phase of the flare. Coin- 
cidence between flash and fadeout is consistent with 
the hypothesis that the ionizing radiation flashes in 
the same manner as the visible hydrogen light ; but 
then there are puzzling discrepancies. Some large 
flares produce no fadeout, yet some small flares are 
accompanied by gradual ionospheric disturbances. 
Sometimes fadeout continues for as long as two hours 
after the visible flare has disappeared. Similar time 
lags are noted in the course of sudden enhancement 
of atmospherics. Persistent X-ray emission may well 
explain these discrepancies. 

The sudden phase anomaly is most difficult to 
explain on the basis of a pure hydrogen Lyman «-line 
flare. Friedman and Chubb? have pointed out that 
observed drops of about 16 km. in the reflecting base 
of the D-layer during a flare require ten thousand- 
fold increases in the hydrogen Lyman a-line over 
its normal intensity from the entire disk. Since the 
normal hydrogen Lyman «-line is now about 6 ergs 
cm.-* sec.-! at the Earth, the required increase would 
represent an impossibly large fraction of the total 
solar output. On the other hand, a comparatively 
modest output of 10-° ergs cm.-* sec.-! of X-rays 
at a@ wave-length of about 2A. would produce the 
required effect on the base of the D-region. 
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Coronal observations certainly support the possi- 
bility of X-ray flares. Dolder, Roberts and Billings* 
found that the emission of the coronal yellow line 
is closely connected with limb flares. The source of 
the yellow line is Ca XV with an ionization energy of 
814eV. Recent observations of the width of this 
coronal line due to Doppler broadening correspond 
to temperatures in excess of 5 x 10° deg. K. Analysis 
of the spectrum of the X-rays measured by means of 
rockets on July 20 indicates a 3 x 10* deg. K. source 
for the shortest wave-lengths. 

Further experiments will be carried out during the 
International Geophysical Year with a ground-based 
rocket launcher. The ‘Dan’ system, a combination 
of ‘Deacon’ rocket and ‘Nike’ booster, will be on 
San Nicolas Island, about fifty miles off the coast 
of California. Arrangements have been made to 
launch these rockets without restrictions on firing 
times. It will be unn to ‘waste’ rockets on 
flare-less days, and a dozen or more successful shoots 
should provide an interesting series of observations 
on & variety of flares of Class 2 or larger. Of particular 
interest would be a cosmic ray flare. The presence 
or absence of a hard X-ray spectrum revealed by 
rocket measurements at the time of flash could con- 
none greatly to defining the origin of the cosmic-ray 

urst. 


T. A. CouBB 

H. FrrepMan 

R. W. KREPLIN 

J. E. KuPrrergian, JUN. 


U.S. Naval Research Laboratory, 
Washington, D.C. 
ies, 11, 174 (1955). Byram, E. T., Chubb, 
«y 2 Geop 8. —~ =. 251 (1956). Byam. 
Kupperian, jun. 


“The Hg of the Ionosphere”. 


» 480 (1956): 
* Friedman, and Chubb, T. A., 
mages « = Comtetign erence, 1954, p. 
* Dolder, , Roberts, W. O., and Billi UB. Astrophys. J., 
119° fo (1954). re - 


Effect of Change in Temperature on the 
Torsional Energy Losses in some 
Polyamides 


THE mechanical energy losses in polyamide fibres 
have been determined from the damping of low- 
frequency free torsional vibrations (frequency approx- 
imately 0-3 c./see.) between 20° and 130°C. A graph 
of energy loss against temperature shows a large 
absorption peak at 78° C. for undrawn dry 6.6 nylon 
filament. As the degree of orientation of the 6.6 nylon 
filament is increased by drawing, the absorption peak 
shifts to a higher temperature and the energy losses 
have a higher value. Fig. 1 shows the curves obtained 
for filaments of different degrees of orientation (draw 
ratio 1 (undrawn), 2, 3 and 4). The curve of the 
absorption peak is approximately symmetrical for 
undrawn 6.6 nylon; it changes in shape when the 
fibre is drawn. In @ recent paper, Thompson and 
Woods? reported similar results for polyethylene 
terephthalate for different degrees of orientation. 

The absorption peak for undrawn 6.6 nylon 
shifts from 78°C. when the fibre is dry to 40°C. 
when the fibre is saturated with moisture (11 
per cent). 

The temperatures of the absorption peaks have 
been found for the dry polyamides shown in Table 1. 
Three samples were tested for each polyamide and 
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Fig. 1. Energy loss against temperature in nylon 6.6 yarns of 
different draw ratio: draw ratio 4; A draw ratio 3; 
x draw ratio 2; @ undrawn 


the total error, including sample variation and test 
error, did not exceed 3° C. 

Schmieder and Wolf? obtained absorption peaks at 
the temperatures shown in Table 1 using the method 
of free torsional vibrations. Table 1 shows that all 
but one of their peaks occurred at lower temperatures 
than mine. The discrepancies between the two sets 
of results may be partly due to moisture effects. 
Schmieder and Wolf stated that the yarns were made 
anhydrous before testing, but they do not mention 
any precautions taken to keep the samples dry during 
the experiment. My samples were kept dry through- 
out the temperature-range. Schmieder and Wolf used 
moulded polymer samples, not fibres, which could 
also be a reason for the difference in the two sets of 
results. 
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My results show that if the polyamides are grouped 
in order of increasing melting point, the absorption 
peak temperatures are in the same order. Schmieder 
and Wolf found that this was true for polyamides 
which were products of a dicarboxylic acid and 
hexamethylene diamine (6.6, 6.7, etc.) but not for 
polyamides derived from aminocarboxylic acids 
(6, 8 and 11). 

Ann M. THomas 
Research Department, 
British Nylon Spinners, Ltd., 
Pontypool, 
Monmouthshire. 


? Thompson, A. B., and Woods, D. W., Trans. Farad. Soc., 62, 1383 


(1956) 
* Schmieder, K., and Wolf, K., Kolloid Z., 184, 149 (1953). 
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Effect of Gamma-Rays on Dithizone in 
some Organic Solvents 


RECENT reviews of those chemical reactions induced 
by ionizing radiation which have possible applications 
for dosimetry have directed attention to the paucity 
of satisfactory systems useful in the dose-range up to 
a few hundred rads'*, To fill this need, solutions of 
certain coloured solutes in chloroform and in carbon 
tetrachloride and in these solvents mixed with alcohol 
have recently been proposed**. We have just com- 
pleted @ more detailed examination of some of these 
with results which, in our view, are not encouraging. 

Aerated and air-free solutions of dithizone in 
chloroform, carbon tetrachloride and mixtures of 
these solvents with ethyl alcohol were irradiated 
using gamma-rays from a 500-curie cobalt-60 source 
and a 2-curie antimony-124 source. The yields were 
determined by ferrous sulphate dosimetry, using 
0-1 .N sulphuric acid solutions and correcting for the 
relative electron densities, A G-value of 15-6 ferric 
ions per 100 eV. absorbed was used. 

Dithizone was purified by extraction with ether in 
a Soxhlet extractor, filtered and dried between filter 
papers. Chloroform and carbon tetrachloride were 
purified according to the methods recommended by 
Schulte et al. and Klein* respectively. Solutions of 
dithizone in purified chloroform were found to be 
somewhat unstable, particularly when air-free. 

The dithizone solutions were analysed spectro- 
photometrically at 605 mp and 620 my for the 
chloroform and carbon tetrachloride solutions re- 
spectively. The respective molar extinction co- 
efficients of 26,190 + 2 per cent and 26,060 + 2 per 
cent were found to be dependent upon temperature 
to an extent of 0-4 per cent per degree over the range 
14°-32° C. In the dilutions preceding spectrophoto- 
metric analysis, it was found necessary to use purified 
solvent in order to obtain consistent results. 

The amount of dithizone destroyed by the gamma 
radiation proved to be the same in aerated and air- 
free solutions of carbon tetrachloride, but that in 
aerated chloroform was three times the air-free yield 
(Fig. 1). 

The G-values for the disappearance of dithizone 
in carbon tetrachloride, which were dependent on its 
concentration, were as follows (Table 1). 


Table 1. DEPENDENCE OF DESTRUCTION OF DITHI’ONE ON ITs INITIAL 
CONCENTRATION IN SOLUTIONS IN CARBON TETRACHLORIDE 


Concentration of @” (dithizone) 
dithizone (mM) (molecules/100 eV.) 


18 38°3 
0-176 29-3 
0-065 22-0 

Aerated solutions of dithizone in carbon tetra- 
chloride showed no further colour change after irradia- 
tion had ceased. On the other hand, in aerated 
chloroform solutions, a post-irradiation reaction was 
observed accompanied by an increase in the optical 
absorption (Fig. 2), the wave-length of the absorption 
maxunum remaining at 605 my. The rate of this 
post-irradiation reaction was found to increase on 
shaking the solution with water. 

A post-irradiation reaction with diminution in 
optical absorption was observed in solutions of 
dithizone in carbon tetrachloride — alcohol and in 
chloroform — alcohol. 

Similar post-irradiation effects in chloroform and 
carbon tetrachloride have been observed by other 
workers’. It has also been shown that an organic 
peroxide is produced by the gamma-irradiation of 
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Fig. 1. Irradiation of 3-8 x 10-* M dithizone in chloroform by 

antimony-124 y-rays. Filled circles, amount of dithizone consumed 

as a function of time of irradiation of an aerated solution ; open 
circles, irradiation of an air-free solution 


aerated chloroform and that the rate at which this 
peroxide decomposes is greatly accelerated when the 
irradiated chloroform is shaken with water®. 

The mechanism of the reaction of the dithizone 
with the reactive species produced by ionizing radia- 
tion in chloroform and carbon tetrachloride is un- 
doubtedly more complicated than that proposed by 
Clark and Bierstedt*. Although there is insufficient 
experimental evidence for a complete interpretation, 
it is evident that dissolved oxygen plays an important 
part in the destruction induced by radiation of 
dithizone in chloroform solution and is intimately 
concerned in the post-irradiation reaction. 

Solutions of methyl yellow, 2-hydroxy-4-nitro- 
phenylazo-8-naphthol, and resazurin, in chloroform 
and carbon tetrachloride, which have also been pro- 
posed as dosimeters by Clark and Bierstedt*+, show 
similar behaviour but to a more marked extent. 
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Fig. 2. Irradiation of 3 x 10-* M dithizone in chloroform by 
antimony-124 y-rays. Open circles, amount of dithizone con- 
sumed as a function of irradiation time; spectrophotometric 
analyses were made immediately the solutions were removed 
from the vicinity of the source. Filled circles, t-irradiation 
pee: ions ; spectrophotometric analyses were le on sg 4 
ch had been removed from the vicinity of the source. 
pone re of dithizone is expressed as a function of 
time after irradiation has ceased 
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The complications just described, in our view, 
detract greatly from the practical utility of these 
systems as dosimeters, though they do respond to a 
measurable extent to doses of gamma-radiation as 
low as 100 rads. 

We thank Prof. J. Weiss and Dr. G. R. A. Johnson 
for the use of a cobalt source and Dr. N. Miller for 
helpful discussions. One of us (H.J.M.F.) is in- 
debted to the Durham County Education Committee 
for a grant and the other (J. W.) to the Durham 
Colleges of the University of Durham for a research 
fellowship during the tenure of which this work was 
carried out. 

J. WILKINSON* 
H. J. M. Frrenss 
Londonderry Laboratory for Radiochemistry, 
University of Durham, 
Durham. 
Feb. 7 


* Present address: Royal Technical College, Salford. 


1 Miller N., and Wilkinson, J., Farad. Soc. Discuss., 12, 50 (1952). 

* Miller, N., “Introduction a la Dosimétrie des Radiations”’, Actions 
Chimiques et Biologiques des Radiations (2me série) (Masson et 
Cie, Paris, 1956). 

* Clark, G. L., and Bierstedt, P. E., Radiation Research, 2, 199 (1955). 

“Clark, G. L., and Bierstedt, P. E., Radiation Research, 2, 295 (1955). 

* Schulte, J. W., Suttle, J. F., and Wilhelm, R., J. Amer. Chem. Soc., 
75, 2222 (1953). 

* Klein, A. K., J. Assoc. Offic. Agric. Chemists, 32, 349 (1949). 

7 Prevest- Bernas, A., Chapiro, A., Cousin, C., Landler, Y., and Magat, 
M., . Soc. pase i 13, 98 (1952). 





Effects of Irradiation upon Diodes of the 
Silicon Junction Type 


A RECENT report by E. H. Cooke- Yarborough eé al.', 
of the Atomic Energy Research Establishment, Har- 
well, indicated that the minority carrier storage effects 
in transistors of the point-contact type were reduced 
by neutron bombardments. This led me to investigate 
the effects of irradiation upon diodes of the silicon 
junction type, with the object of reduction of minority 
carrier storage in these. ‘The diodes used in the 
expermment were the small power type of 50 mW. 
dissipation which are at present commercially 
available. 

With the kind co-operation of the authorities of 
the Atomic Energy Research Establishment, a 
number of these diodes were irradiated over a range 
from 0-75 x 10'* neutrons/sq. cm. to 8 x 10 
neutrons/sq. cm. It was estimated that slow and 
fast neutrons were present in approximately equal 
quantities. 

After irradiation, the diodes did not exhibit any 
significant change in the reverse characteristic. A 
progressive change in the forward conducting char- 
acteristic was noted, however, accompanied by a 
distinct reduction of minority carrier storage. The 
change noted in the forward conducting characteristic 
was that increased irradiation caused the abrupt 
change in forward resistance occurring in these diodes 
at approximately 0-6 V. to become less abrupt, and 
the slope resistance to increase. This effect was most 
marked in cases where irradiation dosage was in 
excess of 1 x 104 neutrons/sq. cm. 

Minority carrier storage, as previously stated, 
progressively decreased with increased irradiation. 
Measurement of the carrier storage effect was achieved 
by passing a forward current of 7 m.amp. for a 
period of 4 usec., and then switching a reverse 
voltage of 15 V. across the diode. The integrated 
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area of the overshoot, having an exponential decay, 
is @ measure of the carrier storage. 

‘The test was purely for comparative purposes ani 
an accurate measurement of absolute values of store:| 
charge was not attempted; as an approximation, 
the stored charge for the non-irradiated diodes used 
was between 1 x 10-* and 3 x 10-* coulomb. 
Irradiation of 1 x 10 neutrons/sq. em. reduced 
this value to less than one-third. Irradiation by 
2 x 10 neutrons/sq. cm. caused a further significant 
reduction, the carrier storage now being less than 
could be measured with the apparatus used. An 
estimate, however, places the carrier storage at 
least an order of magnitude less than that of a non- 
irradiated diode. 

Further work is in progress to establish optimum 
dosage, which would appear to be between 1 x 16!* 
and 2 x 10 neutrons/sq. cm. 

R. Gorton 
E.M.I. Engineering Development, Ltd., 
Victoria Road, 
Feltham, Middlesex. 
Feb. 4. 
‘oe eee. E. H., Florida, C. D., and Stephen, J. 


, Proc 
I Elect ion: ‘Part mL, No. 73 (1954). Florida, “CD., 
Holt, F. R., mt Stephen, J. H., Nature, 17%, 397 (1954). 


Reversibility of Fluorescence by Annealing 


CONTINUING the investigations on which I reported 
in Nature of February 9, p. 319, I have found that 
the effect I called fluorescence, reversible by anneal- 
ing, really embraces two different processes. 

In the chemicals mentioned, as well as in some 
zeolites and in anhydrite from Bleiberg, tested in 
powdered form, the explanation given in the previous 
communication is valid: the fluorescence, destroyed 
by strong heating, is regenerated on renewed lesser 
heating when water vapour has been adsorbed on 
the substance. Recently, this effect has been found 
to be especially marked also in colemanite from 
Turkey. 

In the feldspars, however, and in wollastonite, 
the effect only occurs if the samples have been 
touched by hand after the preliminary strong heating. 
Here the effect is due to particles of skin transferred 
to the mineral surface. That appreciable quantities 
of skin substance are transferred to minerals by 
rubbing has been proved convincingly by Halla and 
van Tassel’ in a note on the smell of sparks struck 
from rocks. I have now found that pieces of skin 
taken from the human body show actually a stronger 
fluorescence after suitable heat treatment. 

K. PRzIBRAM 

Institut fiir Radiumforschung, 

Vienna. March 16. 


1 Halla, F., and van Tassel, R., Naturwiss., 43, 444 (1956). 


Use of Glossy Paper for determining 
Droplet Sizes 
In what is often called the ‘impressions’ technique, 
droplet sizes are determined by measurements of 
the traces made by them when they strike a target. 


Various types of collecting surface are used: glass 
plates coated with a newly prepared layer of mag- 
nesium oxide’, glass plates coated with a silicone’, 
absorbent filter paper*, or a glossy type of paper‘. 
Up to the present, glossy paper has been used only 
in the United States. Believing that an extra tool 
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is useful, a search was therefore made for a suitable 
paper of British manufacture. The search was by 
no means exhaustive and was discontinued when a 
suitable sample had been found. 

Satisfactory results were obtained with Inver- 
carron Art Paper (Ref. 2108, White Art 2/s, weight 50) 
manufactured by the Carrongrove Paper Co. of 
Denny, Scotland. For much of the range covered 
in the calibration, droplets of known sizes were pro- 
duced by a microburette’. No laboratory apparatus 
was available for producing droplets with known 
diameters less than 150 microns or so, and for the 
smaller droplets the relationship between stain 
diameters and droplet diameters was deduced from 
comparisons between the distributions of stain-sizes 
upon the paper and of crater-sizes upon oxide-coated 
plates. 

Two liquids were investigated: water containing 
0-75 per cent w/v of croceine scarlet dye; and neat 
‘Acrodel’, a very viscous solution of BHC in oils, to 
which 0-9 per cent w/v of ‘Waxoline Red’ dye was 
added. The comparison of the distributions of stain- 
sizes upon the paper and crater-sizes upon the oxide- 
coated plates is somewhat suspect for water droplets, 
which tend to bounce off the layer of oxide*; but 
nevertheless the results give what is believed to be 
a sufficiently accurate extension of the range covered 
with the microburette ; no such doubts arose with 
the ‘Acrodel’ solution. 

The stains were very clearly defined, although the 
smalier ones were rather faint and were examined 
most comfortably using transmitted light. Over a 
period of a week there were no detectable changes 
in the stain-sizes, and the results of the calibration 
are shown in Fig. 1, using log-log paper. The results 
are fitted by equations of the form : 

D=<24. (S)> 
where D and S are the droplet-diameters and stain- 
diameters respectively, measured in microns, and 
a and 6 are constants for a given liquid. For water, 
@ = 0-318 and b = 1-065, whereas for the ‘Acrodel’ 
solution a = 0-722 and b = 0-830. 
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We are grateful to Miss E. Dixon, of the Crown 
Agents, London, for her help in getting samples of 
paper from various manufacturers. The work was 
done under the guidance of the Colonial Pesticides 
Committee, and was paid for from the Colonial 
Development and Welfare Fund. 


D. YEO 
H. H. Courts 


Colonial Pesticides Research Unit, 
Arusha, Tanganyika. 

1 May, K. R., J. Sei. Instrum., 22, 187 (1945); 27, 128 (1950). 
ee rs Bu. , and Byass, J. B., Nat. Inst. Agric. Eng. Report No. 
* Jarman, R. T., Quart. J. Roy. Met. Soc., 82, 352 (1956). 
e. J. M., ‘and Elliott, K. R., J. Econ. a. 46, 696 (1953). 

i, Engg 8. L. W., Hopewell, w. ., and ‘Gravel i 

, 36, 81 (1956). 
* Lane, Ww. oe = i "Sci. ‘Instrum., 24, 98 (1947). 
*Courshee, R. J., and Byass, J. B., Nat. Inst. Agric. Eng. Report 
No. 3i (1953). 


The ‘Clock Paradox’ of Relativity 


In Nature of January 5 (p. 35), Dr. Frank S. 
Crawford, jun., asserts that Einstein’s theory of 
relativity predicts an ‘‘asymmetrical ageing”’ of twins 
who separate and reunite, and cites experiments 
which he regards as verifying the prediction. He 
states also that “the ‘twin paradox’ is not even 
qualitatively discernible in any experiment that does 
not involve relative accelerations”. Dr. Crawford 
had previously kindly sent me another account of 
this work to which I replied briefly in a postscript to 
an article which I was then writing}. 

Dr. Crawford’s argument is one of a number of 
similar type which are often contradictory in detail 
though they all produce the same result. In a brief 
reply, I can only indicate where I think the main 
error in these arguments lies: in other papers, 
either published or submitted for publication, I have 
dealt with them in more detail. I should say at 
once, however, that I consider both the statements 
mentioned above as incorrect. In my view, Einstein’s 
theory does not predict the asymmetry asserted, and 
the paradox, in a form suggested by Lord Halsbury 
and analysed by me elsewhere’, involves no accelera- 
tion at all. 

Dr. Crawford’s experiments, expressed in terms of 
the travelling twin or clock, indicate that the differ- 
ence between the observed time of arrival on the 
ground and the co-ordinate time of leaving the upper 
air, both estimated by a ground observer, is greater 
than the interval which would be observed by the 
traveller himself. I do not question it. I had already 
pointed this out*, and in the Physical Society paper 
cited above had shown quantitatively that these two 
intervals, represented there by ¢, and ¢,’, would stand 
in the relation he states. What he has not shown, 
however, but merely asserted, is that for the two-way 
journey these tines would simply be doubled, so that 
the ‘stationary’ observer would find a time 2¢, and 
the ‘traveller’ a time 2¢,’. I have shown, on the 
contrary, that on reversal of motion the co-ordinate 
time changes abruptly, so that instead of being 
t,-t,’ ahead of the ‘traveller’s’ time, it becomes that 
much behind it : hence the time for the double journey 
is 2t,’ by both clocks. I have reached the same 
result by another method in which only the durations 
of the two halves of the journey are considered, so 
that the abrupt change of co-ordinate times is not 
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called upon, in @ paper submitted to the Australian 
Journal of Physics in reply to another critic. 

But in truth such calculations are not needed. In 
Dr. Crawford’s experiments a traveller with the 
mesons would find that the life of earthbound particles 
was abnormally long, just as each of two approaching 
observers ascribes the same Doppler effect to the 
other. If this were not so, we would have an absolute 
criterion of which was moving. Such a traveller could 
therefore apply Dr. Crawford’s argument to obtain 
the opposite of Dr. Crawford’s result. This alone 
shows that thai resuli cannot be right. 

In a variety of incompatible arguments for this 
asymmetrical ageing there is, I think, one common 
feature, namely, a confusion of co-ordinate times with 
observed times. Only the ‘traveller’ (whichever he 
may be) is present at all stages of the journey ; his 
time (namely, 2¢,’) is therefore wholly observed. The 
‘stay-at-home’ observes both beginning and end, and 
his times for these must agree with the ‘traveller’s’ ; 
but when the ‘traveller’ is at a distance the ‘stay-at- 
home’ can give only a co-ordinate time. This, as 
everybody realizes, differs from the ‘traveller’s’ 
observed time ; but it is a gross error to regard this 
difference as having any absolute observable sig- 
nificance. It might help to avoi’ ‘:rther digressions 
if I say that I freely assent to the so-called ‘relativistic 
contraction of time’; I have never thought of 
questioning it. What I deny is the asymmetry. 
If Einstein’s theory is right—and I do not doubt it— 
the ‘traveller’ will come back younger than he ex- 
pected to be, but all that his twin (if he is not a 
relativist) will dispute is the ‘traveller’s’ tale that 
he has been so far as he says: their best friend will 
still not know them apart. I hope this statement 
will discourage further attempts to ‘prove’ the 
asymmetry by experiments or calculations which 
show only that the duration of the ‘traveller’s’ 
journey differs from the pre-relativity expectation. 

It should be obvious that if there is an absolute 
effect which is a function of velocity only, then the 
velocity must be absolute. No manipulation of 
formule or devising of ingenious experiments can 
alter that simple fact. 

HERBERT DINGLE 

Purley, Surrey. 

2 Bull. Inst. Phys., 7, 314 (1956). 
* Proc. Phys. Soc. Lond., A, 69, 925 (1956). 
* Nature, 178, 680 (1956). 


Rock Magnetism 

Dr. J. A. CuEce’s account! of the discussion 
on “Rock Magnetism” at the British Association 
meeting makes reference to comparisons between the 
palzomagnetic measurements on rock series in Great 
Britain and the United States, and seeks to show 
that a comparison of the pole positions deduced for 
the Triassic of Great Britain by himself and col- 
leagues* and from Dr. J. W. Graham ’s measurements* 
on the Permian sandstones of the United States 
“suggest that there may also have been a relative 
movement between Britain and North America. . .’’. 
Although he qualifies this statement, it still appears 
to me to be misleading, because if one only had this 
comparison, one would not be led to any suggestion 
of the possibility of continental drift in the North 
Atlantic basin. The duration of the Permian and 
Triassic together is of the order of 70 million years‘, 
and the geological time correlation of the red beds 
used in this paleomagnetic work can only be good 
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to about half a geological period. Creer, Irving anc 
Runcorn’ have shown that polar wandering take: 
place through geological time at about one-third o 
a degree per million years on the average, so that « 
motion of the pole of about 20° could possibly hav: 
occurred between the times represented by the rock: 
examined by Clegg et al. in England and those o: 
Graham in the United States. 

It is, of course, only because of results from 
British’ and American® strata of several geologica: 
ages, to which Dr. Clegg does not refer, that th: 
possibility of continental displacement between Great 
Britain and North America must now be seriousl\ 
entertained. It has been shown’ for five geo 
logical periods, ranging in age from the late Pre 
Cambrian to the Triassic, that the poles deduced from 
American rocks are systematically west (by about 
the same amount) of the poles deduced from British: 
rocks of corresponding geological age. The com 
parison of Graham’s and Clegg’s measurements alone 
are of no relevance to the problem of continental drift. 

The claim made by Prof. P. M. 8. Blackett at this 
meeting and on other occasions® that Dr. Clegg and 
his colleagues obtained “the first paleomagnetic 
evidence of past continental land movement...” is 
not correct—see references 5 and 10, for example. 

It is to be regretted that Dr. Clegg’s discussion of 
the measurements at Imperial College of the Deccan 
Trap series of India and of the Tasmanian Dolerites 
does not discuss Irving’s determinations’ ot 
the directions of magnetization of these rock series, 
the pole positions he deduces from them and his 
discussions of the significance of the results, an 
omission which is also characteristic of the more 
extensive papers’? on the same topics which Dr. 
Clegg and his colleagues have recently published. 


S. K. Runcorn 
Physics Department, 
King’s College, 
Newcastle upon Tyne. 


* Clegg, J. A., Nature, 178, 1085 (1956). 

* Clegg, J. A., Almond, M., and Stubbs, P. H. 8., Phil. 
583 (1954). 

* Graham, J. W., J. Geophys. Res., 60, 329 (1955). 

‘ea A., “Principles of Physical Geology” (Nelson and Son, 

* Creer, K. M., Irving, E., and Runcorn, 8. K., J. Geomag. Geoelect., 6, 
163 (1954); PAu. Trans. (1957). 

* Runcorn, 8. K., Nature, 176, 505 (1955); Bull. Geol. Soc. Amer., 
67, 301 (1958). 

‘Irving, E., Geofisica Pura et App., 33, 23 (1956). 

* Runcorn, 8. K., Proc. Canad. Assoc. Geol., 8, 77 (1956). 

* Blackett, P. M. S., Zdstener, 52, 1112 (1954); ‘Lectures a ao 
Magnetism” —% 34 (Weizmann Science Press, Jerusalem, “ 
Royal Institution discourse ; . Roy. Inst., 31, No. 163 th 
(in the press). 

1° Report on bwir by Griffiths, D. H., and King, R. F., Nature, 
178, 1114 (1954). 

" Irving, E., Ph.D. —, Mh a7 (1954); Papers and Proc. Roy. 
Soc. Seat 90, 157 (19. 

J. A., Deutsch, a. oe =e ‘atlas, D. H., Phil. Mag., Ser. 8, 

T 419 (1956). Almond, Zz, Clegg, J. ‘‘. and ‘Jaeger, J ° G., Phil, 

Mag., Ser. 8, 1, 771 (1956). 
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Durations of After-hyperpolarization of 
Motoneurones supplying Fast and Slow 
Muscles 


WHEN an impulse invades the soma and dendrites 
of a mammalian motoneurone, the spike potential is 
always followed by a phase of increased membrane 
potential, that is, by a hyperpolarization, which has 
hitherto been referred to as the positive after-poten- 
tial’. Since these responses are now investigated by 
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However, the dorsi-flexors, extensor 
digitorum | and brevis were 
significantly longer at 105 (20) and 
106 (8) msec. respectively. Unex- 

'y, the after-hyperpolariza- 
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intracellular recording, where hyperpolarization is 
signalled by an increased negativity, the term ‘after- 
hyperpolarization’ is to be preferred. Antidromic 
impulses have been fired into motoneurones from the 
homonymous muscle nerves. Under such conditions 
the after-hyperpolarization will often be super- 
imposed on the inhibitory post-synaptic potential 
generated through the Renshaw cell mechanism*. By 
stimulating the muscle nerve at just threshold 
strength for the axon of the motoneurone under 
observation, two series of traces are obtained, one 
showing the inhibitory potential alone, the other the 
inhibitory potential plus the after-hyperpolarization 
(cf. Fig. 1). In this way reliable measurements have 
been secured for the total duration of the after- 
hyperpolarization. 

Altogether 260 motoneurones belonging to twenty 
different species of muscle have been examined. The 
durations of the after-hyperpolarizations have been 
distributed over a very wide range (50-240 msec.). 
The motoneurones supplying the slow red muscles, 
soleus, crureus, caput medialis of triceps brachii and 
anconaeus, have usually exhibited prolonged after- 
hyperpolarizations (cf. Fig. 1), the respective mean 
durations, with standard deviations in brackets, 
being 174 (28), 142 (27), 120 (35) and 159 (12) msec. 
With soleus, the durations were consistently long as 
in Fig. 2; but with crureus there were occasional 
brief durations and with caput medialis almost one- 
third was brief (less than 100 msec.), hence its large 
standard deviation. On the other hand, the moto- 
neurones supplying fast pale muscles almost invariably 
exhibited brief after-hyperpolarizations (cf. Fig. 1), 
the mean durations for gastrocnemius, rectus femoris, 
vastus lateralis, caput longum and caput lateralis of 
triceps brachii being respectively 87 (23), 83 (24), 
90 (26), 81 (15) and 79 (15) msec., standard devia- 
tions again being given in brackets. Most other 
species of motoneurones, particularly those supply- 
ing flexor muscles, have exhibited brief after-hyper- 
polarizations, the respective mean values being for 
biceps-semitendinosus 78 (20) msec., gracilis 75 
(13) msec., tibialis anterior 78 (10) msec. and the 
peronaei (longus, brevis and tertius) 88 (20) msec. 
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were almost always of long duration 
with a mean of 144 (24) msec., while 
those of flexor digitorum longus 
were usually brief (mean 98 (41) 
msec.). 

There has been a significant corre- 
lation between the duration of the 
after-hyperpolarization of a moto- 
neurone and the conduction time for 
impulse propagation along a given 
length of its axon. For example, in 
Fig. 2, this relationship is indicated 
by the line drawn through the 
points plotted for soleus and gastroc- 
nemius motoneurones. When sim- 
ilarly plotted, the values for all 
other motoneurones also lie along 
this same line. The correlation is 
particularly well illustrated when a 
wide range of durations is exhibited 
by the motoneurones of any one 
species, in particular by caput medialis. The motor 
axons to soleus muscle have a mean diameter about 
78 per cent of the gastrocnemius motor axons*, which 
may be compared with a ratio for the mean conduction 
velocities (the reciprocal of conduction times) of 
72 per cent for soleus as against gastrocnemius in 
Fig. 2. Thus these observations are in agreement with 
the direct proportionality that has been reported 
between axon diameter and conduction velocity*. 
In general, it appears that in a population of moto- 
neurones the durations of after-hyperpolarization 
bear an inverse relationship to the diameters of the 
motor axons, and hence presumably to the sizes of 
the motoneurones. 

Recently it has been reported’ that motoneurones 
with alpha-type axons, as distinct from those belong- 
ing to gamma fibres, form two main groups, those 
giving tonic responses and having small axons, and 
those giving phasic responses and having large axons. 
This correlation of functional type with axon dia- 
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meter allows Granit’s tonic and phasic groups to be 
identified with the two groups defined here by dura- 
tion of after-hyperpolarization. Hence we may 
conclude that the tonically discharging motoneurones 
have a much longer after-hyperpolarization than those 
phasically discharging. Correspondingly it has been 
found that the tonic motoneurones respond at a 
much lower frequency (10—20/sec.) than the phasic 
motoneurones (30—60/sec.)*:*. 

It has been postulated that the after-hyperpolariza- 
tion of a motoneurone is responsible for determining 
the.frequency at which it discharges when subjected 
to a continuous synaptic bonbardment’. This 
postulate is supported by the present evidence that 
the slowly discharging tonic motoneurones have a 
much longer after-hyperpolarization than the rapidly 
discharging phasic motoneurones. 


J.C. Ecoies 
R. M. Eccizs 
A. LunDBERG 
The John Curtin School 
of Medical Research, 
The Australian National University, 
Canberra, A.C.T 
Jan. 4. 


* Brock, , Coombs, J. S., and —. J. C. J. Physiol., 117, 103 
C1352), ge We — ’ and Fatt, P., J. Physiol., 
180, 291 (1955). 

* Eecles, J. C., Fatt, P., and Koketsu, .K. J. Physiol., 126, 524 (1954). 
Eccles, J. C., and She = > , Proc. Roy. Soe., B, 106, $20 
(1850). Hagbarth, K. E., and Wontfari, G., Acta Anat., 15, 85 


* Harsh, J. B., Amer Physiol., 127, 131 (1939). Rushton, W. A. H., 
J. ‘Physiol - tis, 101 (1951). 

* Granit, R., Henatsch, H.-D., and Eis, @ , Acta Physiol. S 
37, 114 (1956). Granit, B., Phillips ig Skoglund, 3 “ 
Steg, G., J. Neurophysiol. (in the thy 1957). 

* Denny Brown, D., Proc. Roy. Soc., B, 104, 252 (1929). 

? Eccles, J. C., “The Neurophysiological Basis of Mind: 
of Neurophysiology” (Clarendon Press, Oxford, 1953). 


Principles 


Chemical Carcinogenesis 


Ir has been shown that the free-radical content 
of tissue increases during metabolism! and the 
possible importance of free-radical states in carcino- 
genesis has been discussed by many authors. In 
particular, it has been suggested that the free-radical 
state of carcinogens is stabilized as an ion*. The 
simplest way of producing an ion from a neutral 
molecule is by the addition or removal of an electron, 
the former being more likely in tissue owing to the 
low oxidation-reduction potential’. 

Many compounds have a quinonoid character 
which predisposes them to take up an electron. Apart 
from the true quinones, they include many dyes and 
the ‘crossed’ systems mentioned by Waters‘ and 
discussed more fully by me*. The Ey of electron 
addition to such a compound will sometimes corre- 
spond to the EH, of tissue, so that a relatively high 
concentration of free-radical anion can persist under 
conditions of active metabolism. However, with 
most of these compounds, there is nothing particularly 
reactive about the free-radical anion produced by 
electron addition, beyond its tendency to give up the 
electron; the original planar mesomerism is retain- 
ed. It is now suggested that carcinogenic properties 
arise when the added electron becomes localized in a 
portion of the molecule which thereby undergoes 
structural changes and becomes optically active. The 
example shown is an ethylenic double bond, which 
can be part of an aromatic system by bond fixation, 
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and can also have polar substituents, as in the 1,2 
bond of the known carcinogen 1-hydroxy 2-naphthy!|- 
amine’*, 
(—) 
(vente, 


ARRAY ae 
C=C . C—C 
Fi ™ A \ Be 


Planar inactive Pyramidal (optically active) 


The pyramidal anion has a three-electron bond, 
which is only about half the strength of an ordinary 
C—C bond; it can therefore undergo further re- 
actions, such as oxidative splitting and linkage to 
protein. .Mesomeric stabilization of the free-radical 
anion is nevertheless possible because of the similar 
(pyramidal) configurations of the carbanion (iso- 
electronic with amino-nitrogen) and the carbon free 
radical’. In the true quinones and dyes a planar 
configuration can be retained after electron addition 
because of the possibility of transferring the free 
radical to carbonyl oxygen or imino-nitrogen. A 
planar configuration can also be retained with very 
large aromatic molecules where the added electron is 
strongly delocalized; these compounds therefore 
should no longer be carcinogenic. With decreasing 
molecular size, on the other hand, it seems that more 
and more polar substituents are required to satisfy 
the E£,; condition, down to the aliphatic carcinogens 
dimethylnitrosamine and carbon tetrachloride. 

I am indebted to Dr. J. E. Lovelock for suggesting 
the application of the original theoretical work® to 
the problem of carcinogenesis. My thanks are also 
due to Prof. C. A. Coulson, Prof. A. Haddow and 
Dr. W. C. J. Ross for much useful advice. 

T. Nasu 
Air Hygiene Laboratory, 
Central Public Health Laboratory, 
Colindale Avenue, 
London, N.W.9. 
Dec. 31. 
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Electron Microscopic Appearance of 
Fibrin in Thin Sections 


THE electron microscopic appearances of fibrin were 
first described by Hawn and Porter! and Hall*, and 
these workers showed that in vitro fibrin had an axial 
periodicity of between 220 and 230A. and a fibril 
width of approximately 150A. Since that time, 
Levene? and Still and Boult* have investigated fibrin 
in pathological material and have shown that it 
possesses the same characters as artificially produced 
fibrin, and moreover seems to be bound in bundles 
which have a marked tendency to fold. 

The appearance of fibrin in ultra-thin sections is, 
however, less well known. We have found when 
sectioning material which has taken all the specific 
fibrin stains that two electron-microscopic appear- 
ances are apparently distinguishable. The first (see 
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Fig. 1), and the most common, is that of small com- 
pact bundles which vary very little in size and in 
which a fine fibrillary pattern is seen. In the second 
(Fig. 2), the material shows a very well marked axial 
periodicity at approximately 230A. intervals, in 
register across several bundles. There is, however, 
no fibrillary pattern as seen in Fig. 1. 

We feel it is important to emphasize that the 
common pattern of pathological fibrin, that is, 
material recognizable as fibrin by staining pro- 
cedures, appears to be that of bundles with a fine 
longitudinal fibrillary structure and no _ periodic 
markings at 230 A. intervals. If the 230 A. banding 
is used as the sole criterion for fibrin recognition, 
much of this material will be overlooked. In our 
experience the appearances seen in Fig. 2 are some- 
what difficult to obtain even in preparations of known 
fibrin, and much harder to find in tissues which con- 
tain @ mixture of fibrin and other fibres. The reasons 
for this are not clear. Our first impression was that 
only the thinnest of sections (about 150 A.) displayed 
the banded patterns, but further experience showed 
that this was not so. However, it may be that the 
differences are produced or accentuated by other 
technical difficulties which we have not been able to 
eliminate. 

W. J. 8. STILL 

Department of Pathology, 

University of Durham. 
E. H. Bout 
Department of Chemistry, 
King’s College, 
Newcastle upon Tyne 1. 
Jan. 24. 


1 Hawn, G. V. Z., and Porter, K. R., J. Exp. Med., 86, 285 (1947). 
* Hall, C. E., J. Biol. Chem., 179, 857 (1949). 

* Levene, C. I., Lancet, ii, 1216 (1955). 

* Still, W. J. S., and Boult, E. H., Lancet, i, 117 (1956). 


Fatal Streptococcus zooepidemicus Infec- 
tion in a Gerbil (Tatera brantsi) in South 
Africa 


SrrEeprococcus infection has not, to our knowledge, 
hitherto been the cause of mortality in gerbils (Tatera 
spp.) in South Africa. The following instance of such 
infection is therefore considered worthy of record. 
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In July 1956 a heavy mortality 
was reported among rats and ger- 
bils on the farm Klipriviersoog 
some 16 miles south-west . of 
Johannesburg. As plague had 
previously occurred in that area, 
investigations were promptly com- 
menced; but the presence of 
plague infection among the rodents 
was not demonstrated. 

A gerbil (T’atera brantsi) found 
dead in the vicinity was received 
at the Plague Research Labora- 
tory at the Institute. Smears 
made from the spleen and the 
heart-blood of the gerbil showed 
abundant Gram-positive cocci, and 
culture on blood agar medium 
yielded a pure growth of a strongly 
hemolytic streptococcus. The bone- 

== marrow, emulsified in sterile saline, 

. was inoculated subcutaneously into 

each of two laboratory-bred Mas- 

tomys natalensis. One animal died five days later 

and a pure culture of a hemolytic streptococcus 

was recovered from its spleen and _ heart-blood. 

A broth culture of this organism in turn killed 

two white mice within 24 hr. after intraperitoneal 

inoculation. Serial dilution of the broth culture 

similarly proved fatal to white mice in the 10-} 

and 10-* dilutions. In each case a pure culture 

of the hemolytic streptococcus was recovered from 
the heart-blood. 

The Streptococcus Reference Laboratory of the 
Public Health Laboratory Service (Medical Research 
Council) at Colindale, London, kindly typed the 
organism for us. The streptococcus was found to 
belong to Lancefield Group C, and with the fermenta- 
tion of lactose and sorbitol but not of trehalose was 
classified as Streptococcus zooepidemicus. 

The Streptococcus zooepidemicus is one of the three 
sub-groups of Lancefield’s Group C, the others being 
Streptococcus equi (associated with strangles in horses) 
and Streptococcus equisimilis (human Group (C). 
Buxton! reported two extensive outbreaks of bovine 
mastitis in England and suggested that this form of 
disease may be more widespread than is suspected. 
Wilson and Miles* refer to two types of Streptococcus 
zooepidemicus: (a) the commoner type associated 
with respiratory catarrh in horses; and (b) a type 
producing various lesions in horses, cattle, guinea 
pigs, rabbits, etc., and sometimes mastitis in 
cattle. 

We are indebted to the Director cf the South 
African Institute for Medical Research and to the 
Secretary for Health for permission to publish this 
communication, and to Miss S. A. Leviseur for 
technical assistance. 


D. H. S. Davis 


Plague Research Laboratory, 
Union Health Department, 
Johannesburg. 


Davip ORDMAN 


South African Institute for 
Medical Research, 
Johannesburg. 


1 Buxton, J. C., Brit. Vet. J., 105, 107 (1949). 
* Wilson, G. S., and Miles, A. A., Pe | and Wilson’s Principles of 
Bacteriology and Immunity”, 4th edit. (E. Arnold, London, 1955). 
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Antibody Production in a Completely 
in vitro System 


Many workers have demonstrated production of 
antibody in vitro following an initial introduction of 
the antigen in vivo (see ref. 1 for recent references). 
The t discussion pertains only to systems in 
which the first introduction of antigen was in vitro. 

In 1912, Carrel and Ingebrigtsen* reported that 
production of hemolysin followed the in vitro incuba- 
tion of goat erythrocytes with guinea pig bone 
marrow and lymph nodes. These results were secured 
in only 4 of 17 experiments and no titres were 
reported. Since that time, various workers have 
reported both positive and negative results using 
splenic tissue. No positive reports have been pub- 
lished to our knowledge since 1931. More recent 
negative results and discussions have been published 
by Parker*, Salle and McOmie‘t and Kimura‘. 

We shall describe a system in which positive results 
were secured in all cases. Statistical analysis revealed 
that these results would occur by chance less than 
once in @ thousand times. 

Previous attempts in our laboratory to demonstrate 
antibody production in vitro had failed’. Recently, 
it has been shown that a lipopclysaccharide endo- 
toxin from Gram-negative bacteria can increase the 
production of antibody to protein antigens several 
fold**. Hence, this material was utilized to enhance 
the production of antibody to bovine y-globulin 
(BGG., Armour’s Fraction IT). 
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GEOMETRIC MEAN HA@MAGGLUTINATION TITRES TO CELiS 


Table 1. 
COATED WITH BOVINE y-GLOBULIN 





. Day of . "ieee : 
— Extracts Fluids Extracts Fluids Extracts 


“Bovine y- 
—— 26 23 23 2 
} 3 6 4 





Not See | 
Bras: | 3 5 
technique’? as modified by McKenna (unpublishe:! 
work). This modification involves stabilization of 
the sensitized cells. While this increases the con- 
venience of the basic technique, titration values are 
the same whether stabilized or fresh cells are used. 
Since the antigen under study was bovine y-globulin, 
all red cells were sensitized to this protein. 

Pools were prepared using all six fluids or extracts 
over the three-day period. Since extra fluids and 
extracts were not saved from the first experiment, 
only nine pools were available. Neutralization tests 
were carried out on these pools as follows. Each 
pool was serially diluted in twofold steps in 0-25 ml. 
amounts. 1 ugm. of bovine y-globulin N in 0-26 ml, 
was added to one series, the same amount of 
casein was added to a second series, and only 
diluent added to a third series. After incubation at 

7° C. for 1 hr., sensitized cells were added to all 
tubes. 

The means for the daily titrations are presented in 
Table 1. The tissues incubated with bovine y-globulin 
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Ten albino rabbits weighing 2-3 kgm. were injected 
intravenously with 10 ugm. of the purified endotoxin® 
of Salmonella typhosa (kindly supplied by Dr. A. G. 
Johnson, Department of Bacteriology, University of 
Michigan). Twenty-four hours later the spleens were 
removed and diced into 2-mm. cubes. One half of 
each spleen was incubated in modified Trowell’s 
TACPI medium’ containing 500 ygm./ml. of bovine 
y-globulin as the test antigen, and the other half 
incubated in the same medium containing 500 ugm./ 
ml. of purified casein as the control antigen*. After 
an hour’s incubation at 37° C. with occasional shak- 
ing, the tissues were washed five times with Hanks’s 
solution’, the tissues being collected by centrifugation 
for 5 min. at 1,000 rev./min. at 5°C. The tissues 
were then planted in duplicate on tantalum gauze, 
as described in @ previous paper’, and incubated for 
three days. 

The spleens from five normal rabbits were prepared 
as above but without contact with any foreign pro- 
tein. These were harvested after 24 hr. 

Antibody in the fluids and tissue extracts were 
determined, using the Boyden hzmagglutination 


have considerably higher agglutinin titres for the 
sensitized cells than those incubated with casein or 
without foreign protein. There is little change in 
titre with time over the three-day period studied. 
The results of the neutralization experiment are 
presented in Table 2. For statistical analyses using 
Student’s ¢ test, all titres were reduced to logarithms 
to the base 2 and titres less than 2 were considered 
to be zero. The values for ¢ and P are shown at 
the bottom of Table 2. It is significant that neutral- 
ization with the homologous antigen was specific. 
Titres remaining in extracts after neutralization are 
due to non-specific agglutination found in extracts 
of normal spleens’. 


Table 3. EvrEect OF CONCENTRATION OF BOVINE y-GLOBULIN. MEAN 
VALUES FROM Five RABBIT SPLEENS 





Hemagglutination titre 
Fluids Extracts 


2 6 
24 18 
73 


34 
28 87 


mgm. BGG./ml. 
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The effect of bovine y-globulin concentration is 
shown in Table 3. Fluids and extracts were harvested 
two days after planting. 

K. M. STEVENS 
J. M. McKenna 
Department of Virology, 
Merck Sharp and Dohme Research Laboratories, 
West Point, Pennsylvania. Dec. 19. 
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Antagonism of y-Butyrobetaine and 
Carnitine on Chick Embryonic Bones 
cultivated in vitro 


CARNITINE (8-hydroxy-y-butyrobetaine) stimulates 
the growth and the periosteal ossification of embryonic 
chick tibias and femurs cultivated in vitro! using 
the watch-glass technique*. This effect can be demon- 
strated if the embryo extract of the medium is 
diluted 20 or 200 times in Tyrode solution to get rid 
so far as possible of the natural carnitine always 
present in it (44-88 ugm./gm. dry weight for a 12-day- 
old chick embryo‘). Measurements of the thickness 
of periosteal bone and counts of mitoses had indicated 
that the periosteum is a very sensitive site for the 
action of carnitine. 

Fraenkel and his collaborators* observed that 
y-butyrobetaine in large doses antagonizes the effect 
of carnitine in the survival of Tenebrio molitor fed a 
synthetic diet. 

We have tried to demonstrate the antagonism 
between -butyrobetaine and carnitine on embryonic 
bones cultivated in vitro under the conditions pre- 
viously described? ?, 

Tibias and femurs of 7-day-old chick embryos were 
cultivated for seven days. Controls were prepared 
with bones of the opposite side of each embryo. 
Histological sections were stained by the azan 
method after fixation in acetic Zenker’s fluid. As in 
previous experiments, carnitine was added as 
‘dicarnitine’, a synthesized compound (‘Bicarnesine’ 
Labaz)* having the same biological properties as 
carnitine according to Leclereq’s results’ with 
T. molitor, y-Butyrobetaine was kindly supplied by 
Dr. G. Fraenkel. 

In the first set of experiments, 100--2,000 ugm. of 
-butyrobetaine was added per ml. of culture medium 
made of equal parts of fowl plasma and 20-fold 
diluted embryo extract ; the pH was next adjusted 
to neutrality. 1,000 ugm. or more y-butyrobetaine 
then inhibited growth and induced pycnosis of all 
nuclei. The addition of 5 ygm. of dicarnitine to the 
medium containing 1,000 ugm. of y-butyrobetaine 
restored normal growth (in comparison with controls) 
and practically prevented pycnosis. The growth 
inhibition and pycnosis produced by 2,000 yugm. 
‘-butyrobetaine could not be counteracted by 5 ugm. 
of dicarnitine. 
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Table 1 





y-Butyro- | | Pycnosis in 
ne Dicarnitine ; Inhibition other 
(vgm.jml.) | (wgm.fmi.) | of growth | osteoblasts cells 
1. With 20-fold diluted embryo extract : 


100-500 | 0 
0 


3. bee undiluted embryo extract : 

















al 
| “+ 
*No pycnosis in 8 cases out of 10. 
+ No pycnosis in 2 cases out of 4. 
In the second set of experiments undiluted embryo 
extract was mixed with plasma as in the original 
method of Fell and Robison*. A concentration of 
1,000 ugm. of y-butyrobetaine had no inhibitory 
action on growth and the tissues remained healthy ; 
4,000 ugm. had a slight but regular inhibitory effect 
on the growth-rate. Irregularly distributed areas 
of pycnotic nuclei were observed in all histological 
sections with a dose of 2,000 ugm./ml. or more ; all 
cells damaged were osteoblasts. The addition of 
5 ugm. of dicarnitine suppressed pycnosis among 
osteoblasts in eight cases out of ten. Healthy tissues 
were sometimes obtained even when 4,000 ugm. of 
y-butyrobetaine had been added per ml. of medium 
together with 5 ugm. of dicarnitine (two cases out of 
four). These results are summarized in Table 1. 
Fraenkel and his collaborators’ considered the 
possibility that y-butyrobetaine “‘is acting not to 
form carnitine but to displace it from its usual site 
of action’. Our experiments show such an effect 
in the periosteal osteoblasts of embryonic bone 
cultivated in vitro. These cells seem selectively 
sensitive to the effects of both carnitine and ‘-butyro- 
betaine. Our results are in agreement with the recent 
report by Ito and Fraenkel*, who showed a similar 
antagonism on chick blastoderms. 
A detailed account of our findings will appear 
in the Archives de Biologie. 
SuzaNNE Li£kBEcQ-HUTTER 
Z. M. Bace 
Institut d’Histologie et 
Laboratoire de Pathologie et 
Therapeutique Générales, 
University, Liége. Jan. 24. 
1 Liébecq-Hutter, S., Voeding, 16, 791 (1955). 
* Liébecq-Hutter, S., J. Embryol. Exp. Morph., 4, 279 (1956). 
* Fell, H. B., and Robison, R., Biochem. J., 28, 767 (1929). 
‘ Fraenkel, G., Biol. Bull., 104, 359 (1953). 
* Bhattacharyya, P. K., Friedman, S., and Fraenkel, G., Arch. Bio- 
chem. Biophys., 54, 424 (1955). 
* Dechamps, G., Buu-Hol, N. P., Le Bihan, H., and Binon, F., C.R. 
Acad. Sci., Paris, 288, 826 (1954). 
* Leclercq, J., Arch. Int. Physiol., 62, 101 (1954). 
* Ito, T., and Fraenkel, G., Fed. Proc., 15, 558 (1956). 


Effects of Cortisone Acetate upon the 
Distribution and Excretion of Radioyttrium 


HorMoneE treatments have influenced to varying 
degrees the distribution and excretion of heavy 
radioactive metals in animals. Parathormone altered 
radiostrontium distribution’, but it had no apparent 
effect on internally deposited radioisotopes of cerium, 
plutonium or yttrium**. Adrenocorticotropic hor- 
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Table 1 








[ xm _| 


Treatment 


Spleen 


Urine 





Yttrium-91 (per cent/gm.) 


Yttrium-91 
| (per cent/ml.) 


Yttrium-91 
(per cent) 








| Controls, untreated 2-29 + 0- 4 
| Pre-cortisone (3 inj.) : “ . | 
| Pre-cortisone (1 inj.) 2- 6 3. 26 | 
I | 





Values are averages from five animals expressed as per cent of injected dose of yttrium-91 + standard error of mean. S.E. = Vv 


0- , | 6264181 
075.005 | 9-494 1-49 
1: ; 9-29 + 2-02 


a 
n(n — 1) 


* Corrected for a measured mean value of 25 per cent for the marrow weight. 
+ Differences were statistically significant with » < 0-05 for liver and spleen for the 3-injection group, and p < 0-01 for plasma in the 


l-injection group. 


mone did not alter the deposition and excretion of 
radioactive beryllium in rats‘. The results of the 
present study suggest that cortisone, an adrenal 
steroid the production of which is stimulated by 
adrenocorticotropic hormone, may influence the dis- 
tribution of radioyttrium in rat tissues. 

Fifteen young female Wistar rats (175-225 gm.) 
were injected intravenously with 10 uc. of ionic 
carrier-free yttrium-91 chloride (*1YCl,) contained in 
0-25 ml. of approximately isotonic sodium chloride, 
pH 5-6. Five rats received no treatment except the 
radioisotope injection, and served as controls. Five 
rats were injected intramuscularly with a saline sus- 
pension of cortisone acetate at a dosage of 45 mgm., 
kgm. body-weight 18 + 3 min. prior to the injection 
of yttrium-91. This dosage greatly alters tissue 
structure’. The third group of five rats received 
three similar intramuscular cortisone injections at 
72 and 24 hr., and at 20 + 2 min., before the yttrium- 
91 injection. The animals were maintained under 
light ether anzsthesia and killed 60 min. after the 
radioisotope injections. The urine collected from the 
bladder, and samples of liver, kidney, spleen, blood 
and femur were prepared for radioactivity assay by 
a dry-ashing procedure previously described*. The 
concentrations of yttrium-91 in the samples were 
measured in @ gas-flow counter and compared with 
‘standards’ prepared from measured aliquots of the 
original injection solution. 

The results of the yttrium-91 assay are summarized 
in Table 1. The cortisone treatments did not affect 
the concentrations of yttrium-91 in the kidney and 
femur. Although the single injection of cortisone 
increased the concentration of yttrium-91 in plasma, 
treatment-levels for urine showed no significant 
differences at a group-confidence level of 95 per cent. 
It is thus possible that much of the plasma increment 
was reabsorbed by the kidney tubules. The increased 
concentrations in plasma might reflect association of 
yttrium-91 with injected cortisone or its breakdown 
products, or combinations with metabolites resulting 
from the actions of the hormone upon tissues or with 
normal plasma constituents. 

Three injections of cortisone reduced the con- 
centration of yttrium-91 in liver and spleen by about 
50 per cent. If injected radioyttrium is colloidal at 
the pH of plasma‘, this action may be related to 
depressed phagocytosis of yttrium-91 by the reticulo- 
endothelial elements of these tissues. Compared with 
the lack of effect of a single injection, these results 
are then in accord with the observation that relatively 
large doses of cortisone are necessary to produce 
reticuloendothelial depression’. 

Two other possibilities, apart from this quantitative 
consideration, may explain the apparent ineffective- 
ness of the single treatment with cortisone. The first 
possibility is that at this dosage-level of cortisone 


the time interval treatment to killing was too bricf 
to demonstrate depressed phagocytosis. Maximuin 
effects upon antibody formation have been observed 
when cortisone was given for three days prior to 
antigen injection®, but no significant effects resulted 
when the hormone was given on the same day as 
the antigen. Analogously, the present study suggests 
that extended prior cortisone treatment may disturb 
an early phagocytic phase of radioyttrium uptake by 
rat tissues. The second possibility is that phago- 
cytosis of circulating undeposited yttrium-91 by the 
liver and spleen was prevented by the cortisone. 
The yttrium-91 might then accumulate in the plasma 
and account for the increment detected. 

This work was supported by the U.S. Atomic 
Energy Commission. 

BERGENE Kawin* 


Department of Agricultural Chemistry, 
Michigan State University, 
East Lansing, 
Michigan. 
Jan. 9. 
* Present address: Bio’ Operation, Hanford Laboratori. 
Operation, General Electric Company, Richland, Washington. 
1 Posin, D. Q., Proc. Montana Acad. Sci., 4, 15 (1943). 
* Copp, D. H., et al., Amer. J. Roent. Rad. Ther., 68, 10 (1947). 
* Kawin, B., Univ. Calif. Radiation Lab., No. 812 (19650). 
* White, M. R., et al., Proce. Soc. Exp. Biol. and Med., 80, 608 (1952). 
* Pollis, jun., R. H., Proce. Soc. Exp. Biol. and Med., 76, 722 (1951). 
* Schubert, J., et al., J. Biol. Chem., 182, 635 (1950). 
* Heller, J. H., Endocrin., 56, 80 (1955). 


* Berglund, K., and Fagraeus, A., Proc. Vith Int. Congr. Microbiol., 
me, 2, Sect. VI-VIII, 231 (1953). 


Effect of Thymectomy upon the Functional! 
Condition of the Adrenal Cortex in 
Guinea Pigs 


In a previous publication, Comsa and Leroux 
reported that repeated injections of large amounts 
of purified thymus extract induced a resting con- 
dition of the adrenal cortex, as shown by its decreased 
relative weight and its increased content in ascorbic 
acid and cholesterol'. The influence of the adrenal 
cortex upon the thymus is well known, but little has 
been reported about the influence of the thymus upon 
the adrenal cortex (see bibliography in Comsa and 
Leroux, loc. cit.). Thus it seemed of interest to 
investigate the effect of removal of the thymus upon 
the adrenals. 

Thirty-two male guinea pigs of 170-190 gm. were 
thymectomized by the method of Comsa. They 
were autopsied at 6 days, 12 days, 18 days, 24 days, 
38 days and 58 days after the operation in groups of 
three animals on each occasion; the adrenals were 
weighed and pooled. Ascorbic acid was determined 
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Table 1, CHANGES OF THE ADRENAL IN THYMECTOMIZED GUINEA PIs 





Pomme gy | 
(gm. per 1 

cin | 
_ organ) | 


8-02 


Ascorbic acid 

(mgm. in 100 

gm. of fresh 
organ) 


Weight (parts 
per 1,000 of 
the body- 
weight) 


Normals 


» 
Ec Thymectomized 


Cobo no to cece 
we rI3S 
NAG coe 


in the left-hand glands, cholesterol in the right-hand 
glands. The methods used were those of Comsa 
and Leroux (loc. cit.). Similar determinations were 
made for three groups of three normal male guinea 
pigs of the same age as controls. The experiments 
were carried out during the summer. All the animals 
came from the same strain, which has been inbred 
for the past twelve years. 

Following the operation, the animals behaved as 
described previously*. They were in a poor condition 
and did not improve until about the fortieth day. 
Fourteen animals died between the fifteenth and the 
thirty-fifth day after the operation. They could not 
be examined. 

As can be seen from Table 1, thymectomy 
resulted in significant changes of the adrenal. The 
relative weight was increased ; the ascorbic acid and 
cholesterol content was decreased. ‘These changes 


are greatest between twelve days and twenty-four 
days after the operation, and they decrease gradually 


afterwards. They provide evidence of a transitory 
stimulation of the adrenal cortex following thymec- 
tomy, which is in good agreement with the observa- 
tion of the resting condition of the gland in hyper- 
thymized guinea pigs. 

I acknowledge the technical assistance of Ch. 
Becker. 

J. Comsa 
Department of Experimental Medicine, 
Medical School, 
University of the Saar. 
Jan. 25. 

‘Comsa, J., and Leroux, H., J. Endocrinol., 13, 7 
*Comsa, J., C.R. Soc. Biot., 127, 903 (1938). 


(1955). 


An Aberrant Form of Anopheles gambiae 
Giles from Southern Nigeria 


No morphological character is known by which the 
adults of A. gambiae gambiae and A. gambiae melas 
can be separated with certainty, but it was thought 
that there were constant differences between the 
structure of their respective eggs' and also between 
the larval pectens*. A. gambiae melas is a purely 
coastal species the larve of which are relatively 
resistant to salt water, whereas those of A. gambiae 
gambiae are not*. 

Blood-fed adults of A. gambiae were collected at 
Abeokuta and Ibadan, which are inland at 60 miles 
and 100 miles distance respectively from the coast of 
Nigeria. Out of a@ total of 251 egg batches laid by 
the females, 68 batches (27-1 per cent) were found 
to have the characteristic morphology of A. gambiae 
melas. No intermediate forms were found. 
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Testing these eggs for resistance to salinity was 
carried out on fourth-instar larve. The larve were 
placed direct from fresh water into saline solution 
at various concentrations of sodium chloride for a 
period of 24 hr. The results have shown that none 
of these larve was resistant to salinity exceeding 
12-5 gm. of sodium chloride per litre, and that physio- 
logically all these larve were A. gambiae gambiae. 
Measurements of the atypical eggs proved, however, 
that their average size was greater than the respective 
size of either A. gambiae gambiae or A. gambiae melas. 

The average length of 10 eggs in each of the 
161 batches produced by A. gambiae gambiae was 
0-488 + 0-014 mm.; that of 10 eggs in each of 

27 batches produced by A. gambiae melas (collected 
in Lagos) was 0-472 + 0-006 mm.; that of 10 eggs 
in each of 47 batches of the ‘aberrant form’ of A. 
gambiae gambiae was 0-515 + 0-016 mm. 

The pecten of the ‘aberrant form’ of A. gambiae 
is of the A. gambiae gambiae type, since it has four 
to five long non-spiculated teeth well differentiated 
from the more numerous shorter teeth, which bear 
small spicules. 

A colony of the ‘aberrant form’ of A. gambiae 
was established, and it was found that the eggs of 
the F, generation remained true to the pattern 
presented by the original batch of eggs from which 
the parents arose. Crossings with A. gambiae gambiae 
and A. gambiae melas are proceeding and their results 
will be published later. 

‘The results of this investigation indicate that in 
Nigeria, A. gambiae eggs with a typical external 
morphology of A. gambiae melas may be found far 
away from the coast and may be non-resistant to 
salinity test. Thus the separation of the two species 
by the egg character only is unreliable, at least in 
some areas of West Africa. 

L. J. Bruce-Cawattr 
M. W. SERVICE 
Federal Malaria Service, 
Yaba, Lagos, Nigeria. 
‘Thomson, R. C. M., Bull. Ent. Res., 36, 185 (1945). 
* Ribbands, C. R., Ann. Trop. Med. Par., 38, 87 (1944). 
* Ribbands, C. R., Ann. Trop. Med. Par., 38, 85 (1944). 


Hemoglobin in Branchiura 


H4MOGLOBIN dissolved in the blood plasina has 
been recorded in all the major divisions of entomo- 
stracan Crustacea except ore’. This respiratory 
blood pigment has been found in all species of 
Phyllopoda examined, in most Cladocera; in a few 
Ostracoda, in some harpacticid and parasitic Copepoda 
and in some Rhizocephala, but not hitherto in the 
Branchiura. This is a small group of so-called fish 
lice, which includes the well-known Argulus foliaceus 
(L.). I have been unable to detect hemoglobin in 
the pale blood of species of this genus, but Dolops 
ranarum (Stuhlmann) has red blood and I find that 
it shows strong absorption bands of oxyhzmoglobin. 
The animals were found parasitizing the siluroid fish 
Bagrus docmac (Forskal) in Lake Victoria, and I was 
able to examine them, thanks to the staff of the 
East African Fisheries Research Laboratory at Jinja, 
Uganda. 

H. Munro Fox 

Queen Mary College, 

University of London. 

March 26. 
1 Fox, H. M., Nature, 179, 148 (1957). 
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Food of Ethmalosa dorsalis (Cuvier and 
Valenciennes) 


Ethmalosa dorsalis is a clupeid fish recorded only 
off the coast of West Africa’, where it is usually 
found in inshore waters and often supports an im- 
portant local fishery. It is closely related to the men- 
hadens (Brevoortia spp.) the distribution of which is 
confined to American Atlantic coasts’. 

There is an important cast-net fishery for Ethmalosa 
in the Sierra Leone River, which is in fact the large, 
open and shallow estuary of the Rokel River. The 
salinity of the estuary fluctuates with the seasonal 
changes in the amount of freshwater drainage. 
Landings of Ethmalosa are at a maximum during the 
dry season and fall off to negligible quantities at the 
height of the wet season. 

Monod? has described the complex system of gill 
rakers which form an extremely fine filtering mech- 
anism in this species. He was unable to associate 
the structure of these gill rakers with the mud-eating 
habit which he inferred from the stomach contents. 
Poll’, on the other hand, records the food of the 
adults as being planktonic Crustacea. 

An examination of the stomach contents of adult 
Ethmalosa caught in the Sierra Leone River has 
shown that phytoplankton always makes up by far 
the greatest food component. The filtering efficiency 
of the gill rakers is illustrated in Table 1, which 
shows the stomach contents of a sample of twenty 
fish from a shoal compared with the composition of 
the plankton as estimated by counts made on six 
water samples collected around the shoal. Although 
the individual fish were swimming rapidly and 
apparently in no general direction near the surface, 
the shoal itself was moving, but very slowly. The 
stomach contents are compressed within the thick- 
walled stomach, but can be suspended in water and 
counted after sub-sampling as a water sample. Only 
complete though often squashed diatom frustules 
have been counted in the stomach contents, and it is 
evident from the number of fragments present that 
weakly siliceous species are broken up. Little 
digestion appears to take place.in the stomach, for 
the few copepods were slightly damaged. 

Only a small number of fish caught at sea have 
been examined, but in all cases the stomachs have 
been found to be empty or to contain very little 
material, mainly small Crustacea and detritus. 

The North American menhaden (B. tyrannus) is 
regarded as exceptional among most plankton-feeding 
fish in that it is an indiscriminate and non-selective 
feeder the diet of which consists to a large extent of 
phytoplankton as well as zooplankton‘, and in this 
respect the related Ethmalosa has similar feeding 
habits. 

A quantitative study of the plankton of the estuary 
has recently been completed and has shown that 


Table 2. 
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Table 1. COMPARISON OF THE COMPOSITION OF THE PLANKTON WITH 
THAT OF THE STOMACH CONTENTS OF , SIERRA LEONE River, 
DECEMBER 4, 1956 





| 
Water samples | Ethmalosa 
| (No. per litre) | (No. per stomach) | 





“Para lankton 


~ 
Diteiton brightwelli* 
— other than above 


pecies 
Total dinoflagellates 
Zooplankto "Be 


° Weakly siliceous diatoms. 


large quantities of big diatoms are present during 
the period when catches of Ethmalosa are greatest. 
An outline of the results is shown in Table 2 and is 
based on sampling carried out at about weekly 
intervals at two stations, one at the mouth of the 
estuary (depth 25-30 m.) worked at high water and 
another near the centre of the estuary area (depth 
15-20 m.) worked at low water. Results are given 
as means for the water column as sampled at 10-m. 
depth intervals. The phytoplankton counts have 
been made on water samples, and net-caught phyto- 
plankton pigment assessments and zooplankton 
counts on samples taken with nets of 200 and 48 
meshes to the inch, respectively, using a Clarke- 
Bumpus plankton sampler. 

The phytoplankton consisted mainly of diatoms ; 
dinoflagellates and Cyanophyceae were scarce. The 
pigment densities of net-caught phytoplankton pro- 
vide a rough basis for the comparison of the standing 
crops of the larger diatoms. Values for the estuary 
were at @ maximum during the months February—Juiy 
and about 28 times those for the sea at the mouth 
over the same period. The total cell numbers in the 
estuary did not show any marked seasonal fluctua- 
tions, but during the dry season there was a much 
greater proportion of big diatoms present, mainly 
large species of Coscinodiscus and Actinocyclus, while 
during the period of low salinity and stronger fresh- 
water outflow small species of Cyclotella and Cocconeis 
predominated. 

Total numbers of zooplankton organisms as sampled 
by the 48-mesh net were usually less in the estuary 
than in the sea at its mouth, and there was no major 
increase following that of the large diatoms during 
the dry season. Small Crustacea made up the bulk 
of the zooplankton throughout the year at both 
stations. 

The plankton of the estuary during the dry season 
would therefore seem to provide a much more con- 


PLANKTON OF THE SIERRA LEONE RIVER 


Mean values for 3-month periods. August 1954-July 1955 








Station 


Mouth of estuary. High water 


Centre of estuary. Low water 





Months | Aug.-Oct. 


Nov.-Jan. | Feb.—Apr. May-July | Aug.—Oct. 


Nov.-Jan. | Feb.-Apr. | May-July 





30-9 | 
3,949 


93 
—— (Har- 
metre) 88 | 199 
+ zooplankton oe 


275 =| 
3257 | 


Total phytoplankton (cells per litre) 
nodiscus and Actinocyclus spp. 


Net phytoplankton 
vey uni soit 


(organisms per cubic metre) 


| 
| Salini (parts per thousand) 
| Cosei 


| 
| 


“cells per De pee litre) 


$42 | 321 | 
7,471 | 


56 


21-9 
27,209 


189 
169 
572 


15860 
765 
4,464 | 
1,086 | 


12,319 | 21,201 
7,820 | 4,628 

26,224 | 

1,168 | 


315 | 279 
2,778 
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centrated food supply for Hthmalosa than that in 
the sea at the mouth. Since this fish does not appear 
to select food organisms individually, it may only 
be able to feed efficiently in such dense concentrations 
of microplankton. The main centres of the Ethmalosa 
fishery appear to be in brackish-water localities, and 
it is possible that this connexion is related to the 
oceurrence of high standing crops of phytoplankton. 


\V. BAINBRIDGE 


West African Fisheries Research Institute, 
Freetown. 
Jan. 17. 

‘Poll, M., Exp. Océanogr. Belge dans les Eaux Cotiéres Africaines 


de !’Atlantique Sud (1948-1949), 4, 29 (1953). 
* Ean, © “Zoogeography of the Sea” (Sidgwick and Jackson, 


Monod, Th., Faune Colon. franc., 1, 643 (1927). 
‘Taylor, H. F., “Survey of Marine ag ory of North Carolina” 
(University of North Carolina Press, 1951). 


Haplosporangium in an Additional 
Rodent Host, Microtus pennsylvanicus 
Drummondi 


SIncE 19423, there has been an increase in the 


number of reports on haplomycosis in rodents and 
other animals trapped in the United States, Canada 
and England. Two recent reports from Canada and 
Sweden describing further isolations of the causative 
organism Haplosporangium were those published by 
Bakerspigel? and Jellison’. 


Fig. la, A thick-walled spherule of Haplosporangium in a stained 
section of lung from an infected vole. x 1,350 


Numerous notte in nna ae 1 of a vole 
Haplosporangium 


Fig. 15. 
infected wi 
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I now record the finding of Haplosporangium in the 
lungs of an additional host, the meadow vole Microtus 
pennsylvanicus Drummondi. So far as I am aware, 
this fungus has been detected in only one animal of 
another species of vole, M. agrestis, trapped in 
England by Tevis* at Camp Blandford, Dorset. 

During a survey of fungus diseases in rodents 
conducted during June—September 1956, twenty-five 
voles were trapped in various areas of Saskatchewan. 
Upon dissection, the lungs of two voles were observed . 
to be covered with numerous, small, pearl-grey 
nodules as shown in Fig. 1b. These voles had been 
trapped on the outskirts of Saskatoon near the city 
disposal unit. Hematoxylin- and eosin-stained 
sections of the lungs revealed massive infections with 
large numbers of spherules typical of the pulmonary 
fungus, Haplosporangium parvum. Fig. la shows one 
of the many thick-walled spherules found in the lungs 
of an infected vole. 

This finding adds another host to the mounting 
list of animals, in the lungs of which the spherules of 
Haplosporangium have been observed, Studies with 
cultures of Haplosporangium isolated from infected 
voles and other rodents trapped in Saskatchewan are 
being made for comparison with existing North 
American strains. 

A. BAKERSPIGEL 
Department of Bacteriology and Immunology, 
University of Western Ontario, 
London, Ontario. 
Jan. 24. 


‘Emmons, C. W., and Ashburn, L. L., 
1715 (1942). 

* Bakerspigel, A., Mycologia, 48, 568 (1956). 

* Jellison, W. L., Nordisk Veterinaermedicin, 8, 504 (1956). 

* Tevis, L., Nature, 177, 437 (1956). 
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nse of Worker Ants to Dead 
ts of their Own Species 


A stupy similar to that reported recently! was 
made last summer into the response of worker ants 
(Formica fusca) to dead specimens of their own 
species. The results of this preliminary observation 
are those averaged over four observation periods. 
These are presented in Table 1. From this it will be 
noted that at least two factors influence response : 
(1) a state of unrest, caused by a disturbance of 
the nest (for example, by mechanical force ; intro- 
duction of members of another colony), this action 
considerably reducing the retreat response ; (2) dis- 
tance of the dead ant from the nest entrance ; where 
this is less than 4 cm. there is a strong response on 
the first encounter to remove the dead ant. 

Obviously other factors associated with degree of 
activity influence this response, as was found when 
a dead ant was placed near a rich food supply 


A Res 


Table 1. RESPONSE OF WORKER ANT TO DEAD SPECIMENS IN FOUR 
SITUATIONS 
Figures are expressed in percentages. The number of specimens 
encountering the dead specimens in this series of observations averaged 
25 for the first three and 18 for the last situation 


_ x. 7 
' 


| { | 
Dead specimen Retreat | Attempt | No 
; toremove | response 








On trail: from same colony 92 | 4 
| On trail: from another j 
| coleny 2 18 
| On trail: from same colony. | 
State of unrest 8 
Within 4 em. of nest entrance ; | 
of same colony 88-5 
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(wet sugar) and the no response percentage increased. 
‘This leads to the assumption that with the increase 
in activity there is a decrease in response (that is, 
retreat and attempt to remove dead body responses). 
Areas of fluctuating temperature, light and factors 
governing activity prevent a narrow mean figure for 
positive response being obtained. 
Trmotry J. Hunt 
5 Acol Road, 
London, N.W.6 
March 1. 

1 Studd, J. H., Nature, 179, 431 (1957). 


Production of Carbon in the Sea 


For many purposes in the study of marine pro- 
duction it is useful to express the quantity of carbon 
in mgm./m.*/day as @ percentage of the standing 
stock of carbon. This percentage-rate has now been 
measured in the North Sea with the carbon-14 tech- 
nique and combined with a measure of the standing 
stock. The expression is comparable to the ‘pro- 
duction increase coefficient’ of Riley, Stommel and 
Bumpus! and to the estimate of the rates of division 
of diatoms made from the decrease in their girdle 
widths?*. 

Steemann Nielsen’s method* was modified slightly. 
Samples of water were taken from depths correspond- 
ing to fixed percentages of the surface light-intensity 
at midday. Each was put into a bottle covered with 
two filters, a neutral density filter, the percentage 
transmission of which corresponded to that of the 
depth from which the sample was taken, and a second 
filter representing the colour of the water, in this 
case Jerlov’s‘ coastal water type I. So, at a number 
of depths in the photic zone, we have estimates of 
algal numbers and the rate of carbon production, 
each per unit volume. 

From the algal numbers and from size measure- 
ments, estimates of algal volumes were made. It was 
assumed that these volumes could be converted to 
dry weight ( x 1/5) (see ref. 5) and to carbon ( x 0-44) 
(see ref. 6), the combined equivalent being : 

1 mm.* = 0-086 mgm. carbon 

From the light-extinction coefficients and length of 
day at the surface, the duration of a given light- 
intensity at each depth was calculated. An average 
rate in mgm. carbon/day weighted by the energy 
reaching each depth was derived. We now have 
estimates of the average standing stock and its daily 
production as weight of carbon per unit volume of 
sea water in the photic zone, as shown in Table 1. 
Estimates made in 1949 using the same equivalent 
and the decrease in cell-size method of measuring 
the rate of division of diatoms are given for com- 
parison. (Note: the figures for 1949 replace those 
given for carbon stock and production on p. 77 of 
my paper (ref. 2), for which an Inadequate conversion 
factor was used.) 


Table 1. STANDING STOCK OF CARBON AND ITS RATE OF a 
IN THE NORTH SEA IN SPRING IN MGM. CARBON/M 





| Production per day | } 
(per cent) 


Daily 
production 
44-1 16-7 
15°8 3°8 


Standing stock 





10-30.1V.49 
23.IV-16.V.49 
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There is a difference between the two methods of 
estimating the percentage production per day because 
the decrease in cell-size method used in 1949 includes 
the effect of vertical turbulence. There is a sharp 
increase in the percentage production per day in 
1954; this poimt and others will be considered in 
a detailed publication elsewhere. 

D. H. CusHine 

Fisheries Laboratory, 

Lowestoft. 


* Riley, G. A., Stommel, H.,and Bumpus, D. F., Bull. Bingh. Oceanogr 

Coll. , 12; 4 (1949). 

: Cushing, D. H., Fish. Invest. II, 18, 7 (1955). 

"Seen Nielsen, E., J. Cons. Int. Explor. de la Mer, 18 (2), 117 

‘ Jerlov, N. G., Rep. Swedish Deep Sea Exped., 1947-48, 3, 1, 1 (1951) 

* Grim, J., Int. Rev. ges. Hydrobiol. und Hydrogr., 39, 3, 193 (1939). 

* Sverdrup, H. U., Johnson, M. W., and Fleming, R. H., ““‘The Oceans’ 
(Prentice-Hail, New York, 1942). 


Sickle Cell Gene in Indonesia 


Liz-Injo Luan Ene! has pointed out the 
sporadic occurrence of carriers of sickle cell trait in 
Indonesia. Since carriers of that hemoglobin who 
are descended from other than negro or Southern 
Indian ancestry are rare outside Africa and Southen 
India, the question arises how sickle-cell hemo- 
globin has reached Indonesia. In this connexion, it 
may be pointed out that in the nineteenth century 
(from 1835 until about 1890), some thousand negro 
soldiers formed part of the Dutch Colonial Army in 
the former Dutch Indies*. These soldiers had been 
recruited from the small Dutch colony on the Gold 
Coast, Elmina, which was acquired by Britain in 
1871. After that a limited number of negro soldiers 
were still recruited in Liberia. Since in the parts 
of Africa from which the soldiers were recruited 
carriers of the sickling gene and of hemoglobin C 
are numerous, the possibility that the transport of 
those African soldiers are the cause of the sporadic 
oceurrence of the sickling gene in Indonesia may be 
taken into consideration. Apart from that, already 
in earlier times negro slaves seem to have been 
introduced into Indonesia‘. 


Dr. 


J. H. P. Jonxis 
Department of Paediatrics, 
State University, 
Groningen. 
March 26. 
1 Lie-Injo Luan Eng, Nature, 179, 381 (1957). 
* Encyclopaedie v. Ned. Indié, 1, 13 (1917). 


* Kern, V., Med. Kon. Akad. v. Wetensch., Afd. Letterk., 
2e reeks, 77 (1881). 
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Accumulation of Ethyl Alcohol and 
Acetaldehyde in Blackcurrants kept in 
High Concentrations of Carbon Dioxide 


A ReEPoRT of successful storage of blackcurrants 
in 50 per cent carbon dioxide has led me to investigate 
the effects of this treatment on the fruit. Freshly 
picked blackcurrants were kept for four weeks at 
4-4°C. in @ continuous flow, at the rate of 30 litres 
an hour, of the following carbon dioxide — oxygen - 
nitrogen mixtures : 

Percentage 
Oxygen 
0 21 79 
25 15°75 59-25 
50 10°5 39°5 
50 5 45 
50 2 48 


Carbon dioxide Nitrogen 
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The accumulation of ethyl alcohol in blackcurrants (var. 


Fig. 1. 
win) stored at 4-4°C. in various carbon dioxide ~ oxygen — 


nitrogen mixtures 





Determinations of ethyl alcohol and acetaldehyde 
were made using the methods described by Fidler’. 
The progressive accumulation of alcohol and acet- 
aldehyde is shown in Figs. 1 and 2. 

Thomas? found that carbon dioxide, even in the 
presence of abundant oxygen, can cause the respira- 
tion of apple cells to be changed to a zymasic type 
and has used the term ‘carbon dioxide zymasis’ to 
describe the effect. He showed that zymasis followed 
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He Me The accumulation of acetaldehyde in blackcurrants (var. 
Baldwin) stored at 4-4°.C. in various carbon dioxide - oxygen ~ 
nitrogen mixtures 
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very quickly on exposure to 50 per cent or more 
carbon dioxide mixed with oxygen, and that the 
ratio alcohol/aldehyde tended to be about 2:1, 
whereas in anaerobic zymasis the ratio is usually 
greater than 50:1. He attributed the severe damage 
to the cells of the apple occurring in carbon dioxide 
zymasis to the relatively high concentration of 
aldehyde that accumulates’. 

In my experiments the concentration of oxygen 
has been much lower, and it is interesting to note 
that the ratio alcohol/aldehyde is at the end of four 
weeks greater than 50/1. It seems possible that the 
comparatively low concentration of acetaldehyde 
occurring in these blackcurrants even after pro- 
longed exposure to carbon dioxide — oxygen — nitro- 
gen mixtures is insufficient to have a toxic effect, 
since the fruit was observed to be uninjured at the 
end of four weeks. It would also seem that this fruit 
can withstand relatively high concentration of ethyl 
alcohol for some time without manifest ill-effect. It is 
noteworthy that the rate of production of alcohol 
and acetaldehyde increases as the concentration of 
oxygen decreases. There was no evidence of zymasis 
in the fruit kept in 25 per cent carbon dioxide. 
Fungal rotting was completely suppressed in the 
50 per cent carbon dioxide mixtures and was almost 
negligible in the 25 per cent carbon dioxide mixture, 
but extensive after the first week in air. 

W. Hucs SMirH 
Ditton Laboratory, 
Food Investigation Organization, 
Department of Scientific and Industrial Research, 
Larkfield, Maidstone, Kent. Jan. 15. 


1 Fidler, J. C., Biochem. J., 28, 1614 (1934). 
* Thomas, M., Biochem. J., 19, 927 (1925). 
* Thomas, M., Biochem. J.,' 16, 444 (1929). 


Effects of 2 :6-Diaminopurine on the 
Growth of Roots of Subterranean Clover 


2 : 6-DIAMINOPURINE is @ metabolic antagonist of 
the natural purines and is a powerful inhibitor of the 
process of duplication of deoxyribose nucleic acid 
that precedes mitosis'. This communication reports 
a differential effect of this substance on the lateral 
and main axis meristems of the roots of sub- 
terranean clover (Trifolium subterraneum L. var. 
Bacchus Marsh). 

Isolated roots of subterranean clover were cult- 
ivated in sterile nutrient by a procedure to be pub- 
lished elsewhere. Excised radicle apices, 10 mm. in 
length, were incubated in darkness at 25° C. in 40 ml. 
of nutrient incorporating Bonner’s macronutrient 
salts*, White’s micronutrient salts* with 0-05 mgm./I. 
CuSO,.5H,0 and 0-13 mgm. /l. (NH,),.Mo,0,,.4H,0, 
0-1 mgm./l, thiamin, 0-5 mgm./l. nicotinic acid, 0-1 
mgm./l. pyridoxine and 1-5 per cent sucrose, adjusted 
to pH 5-5. Values presented are means for ten roots. 

Fig. 1 shows that whereas the growth in length 
of the main axis was inhibited by 2 : 6-diamimnopurine 
at concentrations greater than 1-5 x 10-* M, lower 
concentrations (3 x 10-* M) increased the growth- 
rate by about 35 per cent. There was a corresponding 
increase in dry weight at this concentration. No 
explanation of this promotion has been found. In 
some situations, 2: 6-diaminopurine has been found 
to act as a precursor to the natural purines ; however 
adenine, guanine or hypoxanthine produced smaller 
increases in the growth-rate than did 2 : 6-diamino- 
purine, even at concentrations up to 10-*M. The 
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uracil antagonist, 2-thiouracil, has been A 
shown‘ to have growth-promoting activity 
in sub-inhibitory concentrations on the 
roots of cress seedlings, and this effect has 
been confirmed for isolated subterranean 
clover roots. 

The concentration of 2 : 6-diaminopurine 
producing 50 per cent inhibition is approx- 
imately 2x 10-*M (= 0-0045 p.p.m.). 
Compared with other plant test-systems 
upon which it has been tested!.'-’, isolated 
roots of subterranean clover seem to 
be several orders of magnitude more 
sensitive. Since the inhibition is com- 
petitive», and the inhibitory effect of 
10-7 M 2:6-diaminopurine is here com- 
pletely reversed by adding 10-* M adenine, 
guanine or hypoxanthine, it seemed likely 
that the isolated roots may have been 
lower than other organs in their content 
of free purines. If purine synthesis 


Length of main axis of root (cm.) 





occurred predominantly in the aerial parts Ye ae 2 ae ee ee eae 


of the plant, whole plants would be ex- 
to be less sensitive to inhibition 
by 2 : 6-diaminopurine. 

To test this suggestion, aerated water 
cultures were set up in a greenhouse, 
with their root systems kept in darkness. 
The basal nutrient contained Hoagland- 
type macronutrient salts (0-01 M KNO, + 0-003 M 
Ca(NO,;), + 0-002 M MgSO, + 0-002 M KH,PO,) 
with micronutrient salts as before*. 2 : 6-Diamino- 
purine was incorporated into the medium over a 
wide range of concentrations. Values given at each 
concentration are means for eight subterranean clover 
seedlings. Fig. 2 shows that the growth in length 
of the main axis of the root was affected by 2: 6- 
diaminopurine in @ manner similar to that of roots 
in isolated culture, that is, a marked growth enhance- 
ment occurred at 3 x 10-*M, and 50 per cent 
inhibition occurred at 10-7 M (curve A). Thus growth 
of the primary root of intact plants was not appre- 
iably less sensitive to inhibition by 2 : 6-diamino- 
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Dry weight (mgm). 
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\ 


Fig. 2. Effect of 2: 6-diaminopurine on the growth of seedlings of Trifolium 
sublerraneum 


Curve A shows length increments of the main axis of the 
final dry weight of the root Cn aye curve C shows 
od, 14 days 


nal dry weight of the tops. Growth per 
purine than was that of isolated roots. But curves 
A and B show that whereas the extension of the 
main axis is completely suppressed at concentra- 
tions greater than 3 x 10-7 M, total dry weight is 
no less than that of the controls at concentrations 
up to 10-* M. This reflects a striking change in the 
morphology of the root system. In control seedlings 
and isolated roots of this age, the bulk of the root- 
weight resides in the main axis. After initiation, 
growth of the secondary meristems virtually ceases 
for a long period, when, after reaching a certain state, 
vigorous growth begins abruptly. However, the 
2: 6-diaminopurine, at concentrations between 
3 x 10-* M and 10-5 M, stimulates differentially the 
meristems of the lateral foots, producing root systems 
in which a large fraction of the weight is derived 
from the laterals. That this enhanced lateral growth 
is not simply due to extirpation of the maim axis 
meristem is shown by the observation that removal 
of the primary apex does not produce a similar 
response. 

No differential stimulation occurs with isolated 
roots (Fig. 1), and it appears that some substance 
normally produced in the aerial portion of the plant 
may be necessary for the stimulation of the secondary 
meristems by 2 ; 6-diaminopurine. 

P. L. GoLDAcRE 
H. Unt 
Division of Plant Industry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. 
Dec. 28. 
eee yr and Duncan, R. E., J. Biophys. Biochem. Cytol., 1, 
* Bonner, J., Amer. J. Bot., 27, 692 (1940). 
* White, P. B., “A Handbook of Plant Tissue Culture”, 105 (Jaques 
Cattell , Lancaster, Penn., 1943). 
‘ Hohn, K., Beitr. Z. Biol. der Pflanzen, 31, 261 (1955). 
* Miller, C., Proc. Soc. Exp. Biol. Med., $8, 561 (1963). 
* De Ropp, RB. 8., Cancer Res., 11, 663 (1951). 
* Nickell, L. G., Med. Sci. Section A.A.A.8, meeting, Dec. 28-29, 


1968, Boston, , reported in Nickell, L. G., Année , 81, 107 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, April 29 


ASSOCIAZIONE ITALIANA DI METALLURGIA (at Church House, Great 
Smith Street, London, 8.W.1), at 10 a.m,—Scientific Papers (presented 
and discussed in Itali jan). 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
oo LENCE GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 5.30 p.m m.—Dr. M. H. Pirenne: 

“Optics and Painting—Leonardo’s Problem 

ROYAL GEOGRAPHICAL SocreTy (at 1 Kensin ton Gore, London, 
§.W.7), at 8.30 p.m. —Prof, o A. Steers and Prof. L. Dudley Stamp : 
“South American Prospect” 


vo, A565 


Monday, April 29—Saturday, May 4 


INSTITUTE OF MeTALS (joint meeting with the AssoclazIONE 
ITALIANA DI METALLURGIA, the SOCIETE SUISSE DES CONSTRUCTEURS 
DE MACHINES, and the Scuwkiz. VERBAND FUR DIZ MATERIAL- 
PRUFUNGEN DER TECHNIK (at Church House, Great Smith Street, 
London, 8.W.1)—Spring Meeting, 


Monday, April 29 


At the Royal Institution, Albemarle Street, London, W.1, at 
6.30 7 a be a ae by Sir Erie Ashby : “Educa- 
tion in d T * (May Lecture). 





Tuesday, April 30 


INSTITUTION OF CHEMICAL er wy (at the May Fair Hotel, 
Berkeley Street, London, W.1), at 11 a.m.—Thirty-fifth Annual 
Corporate Meeting. ‘12 Re RR Address—“Petroleum and 
the Chemical Engineer’. 

PLastics INSTITUTE (at the Institution of Electrical ineers, 
Savoy Place, London, W.C.2), at 6.30 p.m.—Sir John Dean : “‘Thermo- 
plastics in the Submarine-Cable Industry” (Eighth Annual Lecture). 

ROYAL AERONAUTICAL Society (at ‘ —— Place, London, 
W.1), at 7 p.m.—Mr. F. P. Youens: “The Purpose and Problems of 
Research Aircraft”. 

SOcIETY OF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Dr. L. A. Say The Preparation 
and Industrial Application of Diffraction Gratings”. 


Tuesday, April 30—Thursday, May 2 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Bird Walk, 
Westminster, London, 8.W.1)—Conference on “Properties of Materials 
at High Rates of Strain’. 


Wednesday, May | 


GEOLOGICAL SocIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 3 p.m.—Annual General Meeting. 

PuysicaL Society, CoLouR Group (in the Small Physics Theatre, 
Imperial College Imperial Institute Road, London, 8.W.7), at 
3.30 p.m.—Mr. M. Gadsden : “Colorimetry and Colour Photography 
as applied to Natural Phenomena”; Mr. F.J.J. Clarke: ‘Properties 
of Extra-foveal Vision”; Mr. K. "J. McCree: “Effects of Steady 
Fixation on Colour Matching”’. 

ROYAL STATISTICAL Society (at the London School of Hygiene 
and oo —a Keppel Street, London, W.C.1), at 5.15 p.m.— 
Dr. F. Mr. M. J. R. Healy and Mr. S. Li pton : “Routine Analysis 
of Replicated Experiments on an Electronic Computer”. 

INSTITUTE OF FvEL (at the Institution of Civil Engineers, Great 
George Street, London, 8.W.1), at 5.30 p.m.—Prof. Carlo Padovani 
(Milan): “Fuel Uses and Fuel Economy in Italy’’.* 

INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Dr. A. R. Lee, Mr. J. H. Nicholas and Mr. P. C. Leaver : 

‘The Properties and Use of Bitumen in Road Maki king”. 

SocigTY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 
ig 8 n House, Piccadilly, London, W. 1), at 6.30 p.m. —Meeting on 
“The Estimation of Antibiotic Residues in Food”. 


Thursday, May 2 


PuysicaL Society, OpricaL Group (in the Physics Department, 
— — ege, Imperial Institute Road, London, ov Ww. Bub se 30 
pring : “Thin Films for infra-Red Re ‘ue Kir. 
aT rh, “Some Special Applications of Thin Filme"; Mr 
Hollat “Thin Films: Their rability and Protection”. 
RoyaL Socrery (at Burlington House, Piccadilly, London, W.1), at 
8 p.m.— Discussion on “Geophysical Investigations on the Floor of 
the Atlantic Ocean in I, 1956”, opened by Sir Edward 
Bullard, F.R.S 
PHYSICAL Soctery, Low TEMPERATURE GROUP (at ~ Royai 
School of Mines, South Kensington, London, 8.W.7), at 4 p.m.— 
Dr. R. G. Chambers : “Cyclotron Resonance in Metals”, 
INSTITUTE OF REFRIGERATION (at the Junior Institution of 
be aig —- House, 14 Rochester Row, Westminster, London, 
1), .m.—Mr, A. C. Murdoch: “The Detection of 
Refrigerant Leaks: 
POLAROGRAPHIC Society (at the “Duke of York’’, 8 Dering sinest, 
Mayfair, London, W.1), at 7 p.m.—Informal Discussion Meeting. 


Friday, May 3 


LINNEAN Society OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 11.15 a.m.—Symposium on “Cyto-taxonomy”.$ 
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Socrmty oF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (in the 
ome 3 Lecture Theatre, King’s College, Strand, London, W.C.2), 

t 7 p. Annual General Meeting. 7.30 p. m.—Dr. J. — Jones : 
“phe” ‘Kolbe and Related Reactions of Carbon Dioxide” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

RESEARCH WORKER TO ASSIST IN a BIOLOGICAL CHEMISTRY 
DEPARTMENT on the — and phys ology of — hie nitrifying 
bacteria—Prof. 7 0. Kermack, Mari College, The University, 
Aberdeen (Ma; 7 

ASSISTANT XPERIMENTAL OFFICER (with a degree in ent. 
science or equivalent qualification, for example, and prefer- 
ably some knowledge of biochemistry, biophysics or immunology) 
IN THE EXPERIMENTAL PATHOLOGY DEPARTMENT, to work on Me oral 
pee te Secretary, Institute of Animal Physiology, Bab 

‘ambridge (May . 

ASSISTANT IN AGRICULTURAL ar Secretary of Uni- 
versity woaet, The yo nom OF he a 4). 

ASSIST. IN PARASITOLOG the Department of Zoology—The 
Secretary, othe | antes’ Tainburgh: (Ma 4). 

Senion LecTURER (with high academic "qualifications and sone to 
teach to s posers Be legree standard) IN MATHEMATICS; a 
LECTURER (with a special knowledge of nuclear physics, or alterna. 
tively, some branch = = or telecommunications) IN PHYSI 
an ASSISTANT, — del aap a special mathematics or a aaoaedll 


honours di ure and applied mathematics, or an 
neering nouns degree ination mathematics) IN MATHEMATICS ; 
an ASSISTANT rade B) IN Poysics—The Clerk to the Governors, 
Woolwich ~ a. London, 8.E.18 (May 4). 
ECTURER (honours axe - ys in chemistry or i- 
Pe. rc emistry) IN Tepast Wye College 
(University of London), Bay "Ashford, Kent 


OF AGRICULTURAL CHEMISTRY at the University of Khar- 
toum—The Secretary, Inter-University Council for ay Education 
Overseas, 29 Woburn cues. London, W.C.1 ( 10). 

ASSISTANT LECTURER or LECTURER IN PHYSICS— Y The Registrar, 
the University, Sheffield (Ma 11). 

BLEACHERS’ ASSOCIATION LTD. FELLOW rns a sce | towards 
fm hana or physical-organic pega 1 IN EPARTMENT OF 

EXTILE INDUSTRIES, for research on cellulosic fibres The Registrar, 
The University, Leeds 2 (May 11). 

LECTURER (preferably with fm qualifications) IN THE DEPART- 
MENT OF PHARMACOLOGY, Welsh National School of Medicine (Uni- 
versity of Wales)—The Secretary, Welsh National School of Medicine, 
34 Newport Road, Cardiff (May 11). 

LECTURER (with a special interest in heavy current work 
(fap ta ENGINEERING—The Registrar, The University, 5 eld 

SCIENTIFIC OFFICER (male, with a degree in chemistry, preferably 
with qualifications in bacteriol ogy) IN THE DOMINION LABORATORY, 

partment of Scientific and *fadustrial Research, New 
for duties which involve the analysis of foods, drugs, milks and waters 
—The High Commissioner for New Zealand, 415 Strand, London, 
W.C.2, mentioning Nature and quoting Ref. No. 3 64/184 (Stay 11). 

SENIOR LECTURER, LECTURER or ASSISTANT LECTURER THE 
—— or Puysics—The Registrar, The University, Shenehister 

ASSISTANT LECTURER (with an honours degree in zoology) IN THR 
BIOLOGY DEgPARTMENT—The , Guy’s Hospital Medical School, 
London Bridge, London, 8.E.1 (May 13). 

LECTURER IN THE PSYCHOLOGY or Epvucation—The Registrar, 
The University, Leeds 2 (May 13). 

LECTURER or ASSISTANT LECTURER (preferably person wishing to 
undertake research in some aspect of polymer science) IN CHEMISTRY 
—The Registrar, The University, Manchester (May 13). 

AGRONOMIST (with a good degree in science or agriculture and 
preferably several years postgraduate experience on tropical tree 
crops) with the Western Region Production Development Board, 
Nigeria, to maintain liaison with research organizations, and to plan 
and carry out sundry experiments with a view to translating findings 
to Nigerian conditions—The London Represe:tative, Western on 
Production Development Board, 18 Grosvenor Gardens, Londo: 
8.W.1 (May 15). 

ASSISTANT IN THE DEPARTMENT OF MORAL PHILOSOPHY—The 
Secretary, The University, Edinburgh (May 15). 

ASSISTANT LECTURER IN MORAL PHILOSOPHY AND HISTORY OF 
ParLosopxy—The Secretary, The Queen’s University, Belfast (May 15). 

LABORATORY TECHNICIAN (PHYSICS AND CHEMISTRY); and a 
LABORATORY TECHNICIAN (BOTANY AND ZOOLOGY) at Fourah Bay 
College, Sierra Leone (University of Durham)—Advisory Committee 
on Colonial Colleges, 1 Woburn Square, London, W.C.1 (May 15). 

LecTURER (Grade II, with research interests in paramagnetic 
resonance and nuclear resonance) IN THE DEPARTMENT OF PHysIcs; 
and a RESEARCH ASSOCIATE IN THE DEPARTMENT’S LOW TEMPERATURE 
Group—The ——— The University, Bristol (May 15). 

L&OTURER IN EDUCATION at the University College of Rhodesia 
and Nyasaland—The Secretary, Inter-University eer for Fee, raf 
Education Overseas, 29 Woburn Square, London, W.C.1 (May 15). 

LECTURER IN ELECTRONICS IN THE DEPARTMENT OF NATURAL 
PHILosopHy—The Secretary, The University, Aberdeen (May 15). 

LECTURER (with a good honours d in physics or chemistry 
and experience of teaching both subjects in a — In EpvucaTiIon 
—The strar, The University, Liverpool (May 

ASSISTANT KEEPER, Grade Il, IN THE a i oF TROH- 
NOLOGY, for duties which include the supervision of engineering 
workshops and the nwo and setting up of technological ex- 
hibits—The ry yal Scottish Museum, Chambers Street, 
Edinburgh 1 (May 1 
GBROMORPHOLOGIST Crith a university honours — with a geo- 
logical background, and preferably special trai or subsequent 
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experience in pn gy EL IN THE DIVISION OF? LAND RESEARCH 
AND REGIONAL ng mmonwealth Scientific and Industrial 
Research Organization, to be a member of a scientific unit conducting 
potentiality surveys “of undeveloped regions—Chief Scientific Liaison 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, 
London, W.C.2 (May 18). 

LECTURER IN ORGANIC CHEMISTRY and a LECTURER IN PHYSICAL 
CHEMISTRY—The Secretary, Birkbeck College, Malet Street, London, 
W.C.1 (May 18). 

STUDENT IN THE DEPARTMENT OF CHEMISTRY, for research on the 
kinetics of us Oxidation reactions—The Registrar, The Univer- 


sity, Hull (May 18). 

Cuan 0 OF PHYSICAL CHEMISTRY in the University of Khartoum 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (May 21). 

READER IN ANATOMY at the London Hospital Medical College— 
The Academic a. University of London, Senate House, 
London, W.C.1 (May 27). 

READER IN GEOGRAPHY at Pree — oi Academic Regis- 
trar, University of London, Sena‘ ndon, W.C.1 (May 29). 

RESEARCH w (ORGANIC ty and a SENIOR RESEARCH 
FELLOW or a RESEARCH FELLOW (PHYSICAL-ORGANIC CHEMIST, with 
special experience in erage es IN THE DEPARTMENT OF MEDICAL 
CHEMISTRY, John Curtin Sch of Medical Research, Australian 
National University—The Secre Association of Universities of 
the British — 36 Gordon Square, London, W.C.1 


-———" i 

(2) In Puysics at ge University College 
(Univeenity of New Zealand)—The Secre Association of Univer- 
sities of the British a 36 ion Square, London, 
W.C.1 (New Zealand, May 31). 

RESEARCH STUDENTS (with the degree of Bachelor or Master of a 
British University, other than Manchester) Iv SCclENCE—The Registrar, 
The University, Manchester (July 1). 

ASSISTANT (( rade B B) in MEeTaLLurGy—The Princi * oo gea 
and District Technical College, Shakespeare Street, 

ASSISTANT LECTURER IN GEOGRAPHY ; nes an ASSISTANT 


re 
GRADUATE ENTOMOLOGIST to assist Dr. H. F. Barnes in the De- 
ag of eo Secretary, Rothamsted Experimental 
tion a erts. 
AGRICULTURAL CHEMISTRY ; a LECTURER IN BOTANY ; 
veyed ab FarM MactiantzaTi0n—‘The Clerk to the Governors, 
tx ve: of Agriculture, Writtle, Tee a 


PETROLOGY-MINERALOGY LECTURER 
Senporune-Boowoansc GuoioaY—The Dean, “College of Arts and 


Science, —g-* 
LECTURER good. honours degree) IN CHEMISTRY—The 
Acting Princival 4 oF Technology, Tower Ramparts, Ipswich. 
Puysics RATORY TECHNICIAN to assist in measurements in 
the application of radioactive materials to medical problems—The 
Sec: Royal Infirm: 


PHysicist (with a first- or second-class honours degree or equivalent 
in physics) with the ae © of Supply at the R.A.E., ford, to 
lead a team engaged on research ———. of radio, radar and 
sisstrenic guidance systems used in manual and automatic approach 
and landing of aircraft in all weather conditions—The Ministry of 
Labour and National Service, Technical and Scientific Register (EK), 
26 King eo London, $.W.1, quoting A.116/7A 

PHYSIOLOG: Ist (medical or non-medical honours uate) with 
the Medical Research Council at the bg Na ‘entre, Hendon 
Isolation Hospital, Goldsmith Avenue, N.W.9, for work on iratory 
muscle and joint testing—Dr. A. B. Kinnier’ Wilson, Royal ational 
Orthopedic ——. gg Middieses. 

RESEARCH ASSOCIATES ‘EXPERIMENTAL AND THEORETICAL 


Nicholls, Department of Physics, University of 
Western Ontario, “Kae Ontario, Canada. 

ScTENCE MASTER at Slade School, "Warwick, Queensland, Australia, 
to teach to advanced level—Roper, 8 Batcliffe Mount, Leeds 6. 

TOXICOLOGIST (with an M.D. or Ph.D., and several years ~ gy 
in = Sane and physiology) with the Defence Research Board, 

to head a toxicology and biochemistry group in a defence 

ae in Kingston, Ontario, conducting research on the mode 
of action of poisons such as anticholinesterases; and a RADIOBIO- 
LOGIST (with an M.D. or Ph.D. in physiology and several years research 
experience on the effects of ionizing radiation) to head a radiobiology 
group in a defence laboratory in Ontario— Defence Research Member, 
—— a Staff, Moncorvo House, 66 Ennismore Gardens, 
zondon, 8.W.7. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Bosiowy- Vol. 4, 
No.7: Variationin the Western Zosteropidae (Aves). By R. Moreau 
Pp. 309-433. 35s. Vol. 5, No. 1: Studies on the Structure an 
Taxonomy of Bulinus jousseau: umei (Dautzenberg). By C. A. Wright. 
FP. 1-28 +plates 1 and 2. 10s. (London: British Museum (Natural 

rae 1957.) 43 

‘echnological Education in Britain. (Central Office of Information 
oe Pamphlet, No. 21.) Pp.iii+36. (London: H.M. Stationery 
Office, 1957.) 2s. 6d. net. [43 

The Imperial Forestry Institute, ay = o4 Oxford. _Thirty- 
second Annual , 1955-56. Pp. 28. (Oxford Bae 
Institute, a ‘of Oxford, — [43 

Looking t Birds: an Exhibition Photographs b: Hosking. 
(Exhibition presented by the British Trust for et Be, “the Royal 
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Society for the Protection of Birds ; on the Wildfowl Trust, in collabo - 
en) + ~ Kodak Limited.) Pp. 24. (Ruislip: Kodak, Li mited, 


[48 
races, Fi , Vol. 1 (March 1957). ae - Monthly Review of 
Training and Education for hag mod Pp. 40. 1s. Annual postal 
subscription : d, a 14s. (London: The Times 


ee rey 7.) [43 
ene gro ompeny, 14d. ioe of the Seen Society of London. Series B: 
Bislogi Sciences. No. 672, Vol. 240 (28 Pebrenry, : An 
Experimental Attemet to Determine the Site of the Neurobypop!' sial 
oreceptors in the B P.A . Jewell and E. B. oy 4 Pp, 
197-324 + plates 9-13. (London Royal Society, 1957. ) ‘or {43 
The Insulation (industrial pomenan Bill. Pp. 3. (London: 
H.M. Stationery Office, 1957.) 6d. eg [143 
Ministry of Agriculture, Fisheries and Food. Bulletin No. 81: }% eas. 
Pp. 4 +26+8 plates. (London: H.M. Stationery Office, 1056.) 


Tee 


3s. net [143 
Siemens Brothers and Co., Ltd. neering Bulletin, No. 276: 
An Outline of the Traffic ofa ys ae eer) By_D. —. 


Pp. 9. (London: Siemens send 
Ministry of Agriculture, Fisheries an ona Technical Bulle in 
No. 2: Laboratory Methods for Work with Plant and Soil Nematodes 


By Dr. J. Basil Goodey. > iv+47+8 plates. (London: H.M. 
Stationery Office, 1957. ys = [143 
cultural Training Grants, Studentships) ani 


Fellowships eee 1057, ~~ 15. (London : Agricultural Rese 7 

unc 

The Royal Society : Information Services Committee. Fair Copying 

Declaration and List of Publishi tions eens to 4 

Third edition. . 15. (London: al Society, 1957.) {14 
Transactions of the Royal Society o: Edinburgh. Vol. 63, Part 1- 

(No. 10): Intertidal Canes ra the ge and Western Coasts 


tes. (Edin- 
and London : Olivers Ae 7 a. Lid. 1067, one ea {143 


od Scotland. By Dr. Ji 
ju! 
ational Institute of Industrial ual Report and 
Statement of Accounts for the year end ended 30 ‘acaenie. 1956. Pp. 
13. (London : National Institute of Industrial Psycho! » 1957.) [143 
Department of Scientific and Industrial Research. Investiga- 


tion Special Re -. ~~ =" Studies on Beef Quality, Parts 1-3. By 
A. Howard an . Lawrie. Pp. vi+79. (London: H.M. 
Stationery Office, M056), és: net. [143 


Other Countries 


Institut Royal des Sciences Naturelles de Belgique. Exploration 
Hydrobiologique du Lac ee (1946-1947). Résultats Scien- 
rganismes Trouvés dans les Carottes de 


tifiques. Vol. 4, nae > 

Sondages et les Vases Prélevées au Fond du = Tanganika. Par 

Hubert Kufferath. Pp. 74+7 planches. Expédition Océanographique 

dans les Eaux Cotiéres Africaines de Atlantique Sud (1948- 

949). Résultats —- ues. Vol. 5, Fascicule 1: Algues et Protistes 

au Dieuve Congo dans le -Congo et de Son Estuaire. Par Hubert 

Kufferath. Pp. 75. (Bruxelles : Institut Royal des Sciences Naturelles 

de Belgique, 1956.) - 

Deu er Wetterdienst. Mittlere om I (mm) J 

Zeitraum : 1891-1930. Entwurf : te . Schirmer. (Bad 

Kissingen: Deut Wet 


{43 

Tnstitut des Parcs Nationaux du Congo Be ige. Exploration du Pare 
age de I'U ae Mission G. F. de Witte, en collaboration avec 
Adam, A. L. Van Meel et R. Verheyen (1946-1949). 

| aE 40: Piatynotini, Litoborini eats leoptera Polyphaga, 
Fam. Tenebrionidae II). By Carlo: Koc 3.8 472 Hg ade ia 
(Bruxelles : Institut des Parcs Nationaux “7 Congo Belge ) [43 
The Open Universities in South Africa. (Published on Webel of the 
Conference of Representatives of = University of os Town and the 
University, of the Witwatersrand, Johannesburg, held in Cape Town on 
9, 10, and 11 January, 1957.) Pp. ‘geakeae (Johannesburg: Wit- 
watersrand University Press, 1957 [83 
Czechoslovaki Academy of Panny ay eye Institute. Publica- 
fo No. 30 On the Origin and Early 8 of the Meteor Streams. 











Miroslav Plavec. Pp. 94. 12 Kts. Publication No. 31: Results of 


Observations of the Solar Eclipse on June 30, 1954. . 184 +11 plates. 
15 Kis. Publication No. 32: Physical Conditions in Chromospheric 
Flares. By | ye nes “4-2 Pp. 90. 10 Kts. (Prague : amen 

A, o Sai é ‘ 

Deutscher Wetterdienst : Seewetteramt. Einzelverdffentlichungen 
Nr. 12: Sturmwetter bei Island 1950-1954. 1: Synoptischer 
Teil. 2: Statistischer Teil. Bearbeitet von Dr. H. O. Mertins. Pp. 
viii +80. (Hamburg: Deutscher Wetterdienst: Seewetteramt, 
1957.) 3.50 DM {143 

East African High Commission. East African Virus Research 
Institute Report, ly, 1955—June, 1956. Pp. i+52. vga 77 
Government Printer, 1956.) [143 

International Nickel ie pany of Canada, Ltd. Annual Report, 
be ad i ot 32. eed Cliff, Ontario : International Nickel rn TT 
0! n. 

United ‘States reo of Agriculture. PA No. 301: ithe 
Mediterranean Fruit Methods of Eeedintion. Pp. 8. (Washing- 
ton, D.C. : Govenmaame Printing Office, 1956.) [143 

Durban Museum and Art Gallery. Annual Report for the Municipal 
Year 1955-1956. "Pp. 19. Durban Museum Novitates. Vol. 4. Parts 
19 and 20 (31st December, 1956): A Check List of South African 
Lamiinae (Coleoptera, —— cidae). at “she the ay J. Wesley Hunt 
and Dr. Stephan Brew Pp. 82 (Durban: Durban 
Museum and Art Gallery, 1056 and 087. ) (143 

Institut Royal des Sciences Naturelles de Belgique. —. No. 
132: Recherches Biologiques sur les Eaux SaumAtres du Bas-Escaut. 
Par Eugéne Leloup et Boris Konietzko. . 99 +5 planches. No. 133: 
Observations Biologiques dans le Port d’Ostende. Par Sylvain Lefevere, 
Eugéne Leloup et Ludovic Van Meel. Pp. 157+3 planches. No. 134: 
Observations Ecologi —— sur une Pelouse a. Le Thiers 
Pirard (Comblain-au-Pont). Par Serge eng ge! et Eugéne Leloup. 
Pp. 99+8 planches. Deuxiéme Série. Fasc La Sous-Famille des 
Drusinae (Trichoptera, Limnophilidae). Par  iaeed Schmid. Pp. 
92+18 planches. (Bruxelles: Institut Royal des Sciences Naturelles 
de Belgique, 1956.) © (143 
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Will this make the world 


Research now going on at 
Courtaulds—the company 
that pioneered man-made 
fibres—may mean a fuller 
life for millions 


The history of man-made fibres is 
short: it dates back only to the turn of 
the century when Courtaulds first 
marketed rayon. 


Yet today this is a vast industry, a 
truly twentieth-century industry with a 
tremendous future. 


It is an industry in which the scien- 
tist has unlimited opportunities and a 
wide variety of fields to work in. The 
chemist who develops a new high poly- 
mer with fibre-forming properties; the 
physicist and the textile technologist 
who evaluate the fibre; the chemical 
and mechanical engineers who design 
the plant by which it can be economic- 
ally manufactured: these are the people 
who count in the scientific and techni- 
cal development of a fibre. 


MOSTLY YOUNG MEN 


Courtaulds is the leading firm in this 
industry. It has a Research Depart- 
ment with a budget of over £2 million 
a year, and absorbing, exciting work 
for over 200 science graduates, most of 
them young men. It has laboratories 
and equipment second to none. This 





Research Department is continually 
working on improvements to existing 
products—many of which havealready 
been improved out of all recognition, 
but which still have years of develop- 
ment ahead of them—and also, of 
course, on radically new projects. 


Some of these new projects will not 
survive the critical evaluation they 
must undergo. But among them there 
may be a discovery that means a fuller 


Already, man-made 
fibres have meant more 
; attractive and more 
he, serviceable clothing at 
%, lower prices for men, 
women and children. 
Research going on now 
may well result in more 
changes quite as radical— 
improvements which will 
prevent fabrics from 
staining, creasing, or 
burning ; or give them longer 
life. The secrets to these 
improvements may be in a 
test tube now. 





But it is not only in the field of 
clothes that man-made fibres 
have benefited mankind. A 
specially developed form of rayon 
with great tensile strength and 
temperature stability has already 
vastly increased the reliability and 
life of tyres; research going on now 
will give them even greater strength 
and dependability in the future. 


Man-made fibres are being increasingly 
used in industry. In hundreds of different 
applications, they are providing better 
service at lower cost, with more efficiency. 
But significant new developments, now being 
evaluated, promise even more. 


life for millions of people—as rayon 
and nylon did before it. Young gradu- 
ates are given wide scope to pursue 
research on their own lines and to 
publish non-secret results. 


Graduates who join Courtaulds can 
make a career in research or move over 
to production or to technical sales. In 
either field, salary and conditions of 
work are better than average, and there 
are rewarding prospects for the future. 


Courtaulds 


MAN-MADE TEXTILE AND INDUSTRIAL FIBRES 
TYRE CORD - PLASTICS - CHEMICALS 


If you have, or expect to have, a good degree in physical or organic 
chemistry, physics, chemical engineering, mechanical engineer- 
ing, or textile technology, please get in touch with us. You should 
write first to the Director of Personnel, Courtaulds Limited, 16 
St. Martins-le-Grand, London, E.C.1. SA-2 
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A NEW 
Instruments 
Electronics and 
Automation Exhibition 


gecesi 
GrandHall - Olympia - London—7-17 May 1957 


o © << 


You are cordially invited to inspect our range 
of microscopes and microscopical equipment on 
STAND 611 at Olympia. Apparatus and instru- 
ments on exhibition will include a Surface finish 
Interference Microscope, the Baker Interference 
Microscope for transmitted illumination and the 
new Series 4W Research Microscope. 

If you are not able to visit the Exhibition we 
shall be very pleased to send you a complete 
catalogue of our microscopes. 


This new model (No. 3505) is constructed on the 
reversion principle — by Prof. H. Hartridge 
F.R.S. It enables readings to be made with ease 


C. BAKER OF HOLBORN LTD. | 2% great accuracy. 
Croydon 3845/6/7 Catalogue of Spectroscopes, post free from:— 


Metron Works, Purley Way, Croydon, Surre 
"| R&J BECK LTD-“oxcorw.” 

















The *‘Fume Blower” Type 2 


NOT AN EXTRACTION FAN BUT A REAL CENTRIFUGAL 
BLOWER IN AN ASBESTOS COMPOUND CASING 


Many fume extractors still clog up and corrode, despite 
a high price. 

This, however, is designed specifically to be: 

@ EFFECTIVE 

@ EXPENDABLE 
@®CHEAP 
(and readily installable) 

It has an outstanding output for its size and will give 200 changes an 
hour from the normal 3 ft. by 2 ft. 6 in. fume chamber. It is not 
incorrodible or uncloggable but the blower parts can be cheaply 
replaced. 


It merely sits on top of the cupboard exit and the outlet fits a stan- 
dard 4 in. pipe. 


Townson & Mercer Limited 


CROYDON Telephone : THOrnton Heath 6262 ENGLAND 
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